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ABSTRACT 


The purpose of this study was to determine the nature 
and requirements of a task which would cause the kinesthetic 
and/or verbal STM systems to lose information. In doing so, 
any consistent differences or similarities which may be 
exposed may help to define the nature of the kinesthetic STM 
system. There were three factors of experimental interest: 
modality of the input, modality of the interpolated task and 
amount Of intormation reduction in the interpolated task. The 
experimental task involved the subjects receiving input infor- 
mation (verbal or kinesthetic) and recalling after a period 
of delay in which the subject engaged in a interpolated 
transform (verbal or kinesthetic) of increasing levels of 
information reduction. 

The experimental design was treatment by subjects, 
factorial, replicated ten times for each subject. The depen- 
dent variables were the number of digits incorrectly recalled 
or forcotten and the absolute error in reproduction accuracy. 
The methods used to analyse the data were an analysis of 
variance and measure of information transmission. 

Lt was concluded’ that: 

ie verbal Inteormacion Loss Was ay tunCLion, Of the amount 
of information reduced in the interpolated transform. 
2. K information loss was unrelated to the amount of 


information reduced in the interpolated task. 


siuden silt onkinsetob od saw ybute atte to. seoquuq sft ~ 
gtterteantt eft seuss Biuow doidy xem? s Xo etaemetiepst Bas 
<8 putob al .nottemroini ecol oF ametaye Mire Ledtov to\Gas 


ed ysm doidw asisixusiimie 10 esonotg?ti® tastelanop yaa 


MT@ oiternsteoniA sid to aunten sii eniisbh of gisd yam boroqxs 
ite@tedai Lsinomixegxe to etotorst souds susw essed? .medeye 
bas dest betslogxeimi od¢ to yilsbom \dtgn! adt bo ystisbom 
sadT .dest betsloqresnt end ni notstovbs: agitsamxotts to sagoms 
-aotei ¢ugmt priviesos atosidue oft bovléwnl weds fadasmbteges 
Boizeq 6 setts’ poilisns: dns (vissdtesntd a6 Lsdxav) noidem 
Hetelogisinir 6 mi bepspae sostdve sit doidw ai yeleb Ze 
to eievel pniessiont to (niseriduentsé to Isdaey) maotensat 
MOL youbex noitemrotak 

,esce(dpe yd stnemstssx3 enw apizsp Lsdnembxeqee ‘eit 
“negsh eff .so9tdve dose 103 eemist nat het sot igex iat eesee 
_ Belisves yisoexroont etipib 30 rsdmwa sit stew eoldsisav dash 
#YO62N0S6 moOidorborgat ni tories stwioedn edt bas soeridl x0. 
to eleyinns as etew sish ed seylsas ot Seu abodiem sat 


-toleeimensy3 aoidkmnotai to Si sasom bas eonsiaev 


 tdedt bebylonos eaw 31 
_ 3ngems eds to moitonui # esw aeol SOL Ie es fediev uf 
| eorxotente 2 betsioyiedai oft ni beouber si etme to 
| lial air wile nied gai HOLD! 


a 


iv 

3. The STM systems for K and verbal information were 
Separace. 

4, Storage of K information; unlike verbal information, 
was not by verbal labels and K and verbal information 
have different central processing requirements. 

The analysis of data and the use of STM paradigm 


2LeO allowed Lor CG1lSscussion CL mrormation less. 


Wha siodous dbxa-63 eso wAtad? 10 dom Letooge & 
| Aib Bosudisia00 Lie ofw yprsdLiw 90 xobmu admebude sedso of 
"satelite goue bas matotthxo Lutqled sbens — ysw wo. > a 


TABLE OF CONTENTS 


Chapter 


1. STATEMENT OF THE PROBLEM .. . 


eC IC ON s as wees: Bs 45 0ms, We 

PMC COD WM) ws Wei We. he: Hees, de 40 Rede Be Be 

DEROWESLON COUR GECIINS Ws es He ee ws Be we Be 
Kanesithes iSit Liga. -. as #s «s 
Diao ia. Oni me mites eacaes yy calies on eh ne 
Sao) AS See ee ee oe oe Oe eer eee 


Encormation Transitormation «. 


PMeGriia LLONMNMCAUGCT LON «a. «. #. be 


SuGrt Term aMemory. «2 «sno ns ce be te: es 
Titer pOLareSa BLAS «se. au 4s. Me «0 He ws 
EMa es ONS ae: ge. Bec ee we he: Hooke: Oe Be: We 


Dae RELATED LITERATURE 

Codingice Information in .STM«. «. =. 
Coding tot Werbaktinformation.. .. 
Coding of Kinesthetic Information 
Channel Capacity of the STM System 

Information Processing in STM .. . 

Rates of Information Loss from STM 

MEASUBEMENT: e. ¥. vi He «0 Be He He fe Bs 40 
MVDESLOLUTASKS «. es we #6 He ee He Gs #0 


Measurement of Performance ... . 


Page 

iL 
ome 
2 A6 
cMeo 
a: ee 
SE 

6 

6 
a ey. 
oe aT. 
Pk) 
+ ae, 
: 38 
- *59 
ie 
= eel 
s be 
«lib 
= 
=. Ma 
3 ae 


antes Tc 
STUPTHOD IO AIAAT 


+ + + 4s MEQGOS9 SHE To THAMATATS 
Pa a see en ee noktveboxtat 7 
soe se ee ew ee 4 6MOTGOTT SHT 
s+ es «¢  »  Sirtel Yo AOESIAE Sa _ — 


se «6 6 ev ew + »»6 SOLSSBNIESHIA | ~ 


ty ee + et) | | OLS ~ 
_ a 
— 
* * * *. . ° . . * . . . * . +ia 
- 
> : = + on 
= SG s+ we ee o ee w « MOLFEMICTeNSxIT noOlsseareinl 
Vos es ee se ee we) |) 6GESDHSR coiseMrOtAT : 
y * @ * * . . * . . * » . * YiomsM mist s2ode = 
y . * . - D) . * 7 ¢ - ‘ . . A~eaT bets loqustak » : 
x 2 e -_ - 
‘> y . . . * * * * * - . * 7 - . . ” « P enoiszesinkd : 


nz 
SAUTASSTII GaRAISH of i 
—_— a 
- . 
i 


rst tk saaee “eh t MmoLssmioinI LédteV io pnibeD i ae 


Boe e+ se 6 + « » . MP2 of qottemxoinI to prised 


OL. «+. . + MOitemzcint cissdteonint 20 orton” 7 = 
; o 7 qv 


| : 7 
 — EL ss 6 « « meseye MPe sit 20 ytiosgqso lorasd 
_ ar a 


em 84% eee ice 5 - MTe ai piiesssor9 ‘nottamxo 


™ y=a5 ; vs 
«+ » MTe mort eaod vee at to 


: wT op 0" S 
: 7 in . = 
| a Pee « 1-2 : fl tos ne _ J 
1 a Fs a : - + _ an 4. : 


vil 
Chapter Page 

3. PROCEDURES 
Bxper penta lw OeGLOni Ui. 4. ss \e sp peetes ol wie Pe 
ADperabWsS Willa cenle 6 he fe ee wt ee be a be fs 26 
Ieee TRS EAB 7 ey i ie eee a ged oa Na ee eke 28 
PVCS WoO ACCC mia Site fel ee nse hey BGS yes! os, ts re, 
Sia oly aXe) ate Eo Por ee ag ei Os ae aL 
Ley ely es RE rs Phony cl eee ee ee ee) = oP rae 9 a 
DepenCenb Valo D Less) ee oe we Nee 5) ee ele 35 
Side Colts tee ey aS! ig see: pie ot Ween euler euks: «tere a0 

4. ANALYSIS 

He yigolch alate) a Anne ae tee a ee eT oe ee ee ee ae 
QUCSTeCOr mn bonds tes Mind nee ae Gn woe: rear Sousi ie: Ue 4 ©. ay 
DEGLECSE Ore ME CCOON esos ess . 3 400 sua eas leh geen oe 38 
ipa vag § ily SY MAR ace ech eee ee Cae ee ee ee ets, 
Pramary Ane uy Sa Saves: See ts. elem Snot WN en co iS 
VV a? ie Mnclt lcm ch ws a piel ie; Kei ie: Gea Gi) ie, he) Scheie 42 
Ve Vile tae Ratltaixe Lale~e (6 (fer) 6% oes (eee, Be eer its! se 45 
Des Cis) Ole cares yeas vote We bee ye Sole sete oe 47 
CeGimigwor LNLOLMat LON, ise. ve “0 6 ey ee) ost us 47 
LHrerMnat TOM sPLOCESS1Tig —. a8 sacs sO wl = os 49 
UNTO LM OM Gas” args sh Sle wel) (em eae s) me) walls 50 
Subj SC tS i meca eae eA a Meee foe 1 fa ow an pel iws one op 
REpiiCa ce ON ss i ayo) sl ews ts.) ee eal ele” ee ees onl 
HV POCHES LS ve ieee, cette be Mee Gee eo. Ge ee), re! Rei evel 
QUES SUL aie acai Wie siyis eames) sis) eh Gat «; colin! oie pa 


Results e e e e e e e e e e e e e e ° e e e pe 


mies 


- 


++i 


. 


. * * 
. 5 . 
*_ * * 
* -.* @ 
« * * 


er oe . a 
oo ae on re eee “es 
: - 


*_ * « 
. * . * * 
~ © » «+ « 
* . 

? * 

» bd sd 
. * . 
. . . 
. . . 
. . . 
oe . 
. -_ .* * 
-_ * © «© 
oe Ven & 6a’ 
. © * * . 
ae ae 
> 2 - * 


° 


* 


a 


za 


- pateesoor? noitemroint 
™ - 7 Ai ’ 
’ ye pry a 
- 


. + esidsivev tnebasqged 
7 
. . ateylsaa scsi . 


nolssmiotnl 326 pabbod 


ve 0 Ne 


Chapter Page 
Primary AnawysisO, TAeeiee ss eles ee See Pe 

(Goa foot REE Ope A Co pe ee ee ee ee DA oar 56 

Ret ieee Gaeecete Gee oP Sar vated eens eel eee 59 

DSCs Gl Olin rs tue eds: ee best ce”) a Ye ee? bo an fe 61 
TeermacvoenePeecessing’ zn3STMs Ree see . 61 


Ceca or slieGrmat Lon) a SM ae eee Bie ie 62 


PNESrMATION LOSS ETOMSSIM Jee 2 ee la aes 63 
SUbJZeECCS anu ReDIICaALIONS. “@ 2 % wis eens 64 
PUSS ELON Su ver peer ier cet 1 61 piso el Seo) es wie Mee iw) Sage 64 
FASS GIES ch oe RR a et RE ee eee eee ee 65 
Bl SCM SS LOM oko Sale ewe? end s+ oy okt evens Wier eS 66 
PherOrMa tole VOCE SS Ite fs. la. st cele yee mo we 66 
COGInGeoLg MLO LMa ELOTIOgra boy Mice te Meyitee - saws 69 
Eqguivalences in Task Difficulty .. .. « ps 


5. SUMMARY AND CONCLUSIONS 


SUohilite gla peerere ey ee ay ea ee ere ey Beene Le 
Bcovated Giro) pete ott eps Sr Me ne ras 
Recommendations COC roe hina vay oe domes aie Oe ae Shee MeL ene 76 


RE PRRENGE LLL One cs bee See ee ess St big ia a St eee i aes: Ox! ii 
APPEND eee e ncueous gists bs eee sls ais ec Sages Pos gi ’e.' | 6 e 83 
AP PEN WG Bee ce are is oo eee ot 3 er eo a) (eh Wola fw fence 46) ret Akos 86 
FPPUND Le Geec eee ag erie es ce ees eee a veh e et otks a we P ASe rw uk 8) a 89 
APPEND I til) Sa) ices® ate wae Sab pe nae? eed Ae 1p eel eee oe a3 


APPENDIX E e J e e e e ° e © e e e e e e e e e J e e e 97 


Ca . * . 7 . ‘ ’ 


{ft ~ » + * » YSIuoLrtsid Nes’ ai esdsnsdevrvpa 


_*. 
at . 
* -* 
s 6 


MT2 ni 


- 


“ 


onifaeesoord aoitantsotal 


~ » ateylsas yrsmixd = 
«« , © = * 1 A-V-2x ; 
* . * . . * Am~aANKA 


sos 6 = es e MOLSBHDeELd © 


MTG ai coistsirxolcl io pnibod a 
} Sa - - 
. MMe moz?d eeol sottsmroini 
roe Wear u 
. &tolttisotiqest Bis etoafdre ne 
| “om 7 7 
* *- « - * « anorteoaugQ - . a 
we § * We 
* . 4 *- * e > * . . a2 Tivead — ' : a 
* : i 7 _ - 
. = . . . ' * 6 neLeesserd a 
_ 
“4 piiezsc01d natsamzcial 
+ « « oftemrotal 2o paLhoed 


AUOTAUADKOD GWA YHAMMUG .2 
+ + «© «© ee & Bsns 
» + « « » S@fofepianod 
a snot debioimosen Me 

: ; ee ae a Til eouanwaan 
bom Bas 


Ly D ak =" ~~ oR 
>. &§ Boe | a D a vid 4 dA § 
7 _ 


cH 


Zs 


iS) 


14. 


bois 


GG 


ides 


HIST OF TABLES 


Page 
Two Way Analysis of Variance, Verbal Modality 40 
Duncan's New Multiple Range Test, Applied to 
the Difference Between K=8 Means for the 
Riese MOC pilsaeyig eatlas- rates om) vie eal e de sine oS Yet at 
One lWay FAnalysis of /VarianceyiV-V=Ver.0. . . 43 
One Way Analysis OL Varvance, V=K=V 2 1... s 46 
Two Way Analysis of Variance, K Modality... 54 
Duncan's New Multiple Range Test Applied to 
the Difference Between K=8 Means for the K 
DICE  eaetes oar ee een he, eae ew oe: emu d Mae” Ure se) 
One Way Analysis Of Variance, K-V-K .... .« S71 
One, Way Analysis Of Variance, K-K-K oi och << 60 
Four Way Analysis of Variance, Verbal Modality 90 
Mean Error Scores Over the Four Levels of 
DICE LCULeCy Gg. Verlole Moga LLCY \ 6) ic: as. te) ie! Leses on 
Test of Linearity and Deviations from Linearity, 
V-V-V . e e e e e e e r e e e e e ° ° ° e e 92 
Test of Linearity and Deviations from Linearity, 
V-K-V > e °o °. e e ° e ° e e e e c e eo e e e 92 
Four Way Analysis of Variance, K Modality .. 94 
Mean Error Scores Over the Four Levels of 
ie a WoO LM eS apne A Ceviche ee ee oa: Rae 95 
Test of Linearity and Deviations from Linearity, 
K-V-K e e ° e ° e ° © e ° ° ° ° e e e e e e 96 
Test of Linearity and Deviations from Linearity, 
K-K-K ° ° e ° e e ° e e e ° e ° ° ° ° e e 96 
Amount of Information Transmitted Over the Four 
98 


Hevels of DiEticulty, Verbal Modality 1... 


‘egdaaT FO Tard | 


yo Ete bor [sdtev ,eunsi1av to ——n, yew ow? wf 7 
oF Hari gas opneA Sigishum wove ' escent 4 | 
baad Pe er ide a =A ngewied noriaeg3 220 srs | _ 
i ee ee ee yiilsbow isdisV 


- +. VAVeV yeunsixev io aleyland ysW en0 <6 | : 


s a « « » VeHeV .590msiasV Ic Eieyisrs yaw ond t 


+ « YSELSROM A ,oomsixzsV to ateylenA yah owt “se 
ot Bobfiqqh +857 opnsa slg isioM way e'asoaud’ +8 

R stig 1O® ankeM 8=H nsewsog sorisisitia Ag 

ee . . * . . . ‘ - . « . . * * . « « * wi sehr 

v2 o 4 + » « AAV yeonsizeV to eteyfeant- yew onO .Y 
O08. «2s » »« Hee-A, ,ponsixzsv to elteyisas yaw sad .8 

Of i ydilsboM Isdasv ,~sonsiisv to atayisnA ys¥ «sot  .¢ 


20 eléved iavo® |adt, 19v0, esxo0e word feeM  .0L 
£e e woble ee » w Ydilspom facie’ .ytivnitsia 


wWtitsentd mort anottsived boas pik soci 6 fest ..ff 
&e - * « * . ‘ 7. * * ° . ‘ . + * . Y=V¥=-V 


\YSFxaonNid mort enoistsived bas ysitsonil io test SE 
. ad * * so . * ’ . . 2 . . ° * . , J *. V-A-V 


. + YtlsboM % ,\sonsiasv to eleyienA ysW wot LEE 


to efeved 1su0% at peer 10th nese .bE 
oe hee os 6 oe we 4 - yas C xX ,yoiuoddtia ar 
——* ee enoissived oP hae z : 
; * . ‘ . , do _ et ~ 


* » « * * « 


sera ami en ae LS ad 


Table Page 


18. Amount of Information Transmitted Over the 
Pours Levelisi orebaiiieulityeq Kr Modality=—.. .. 2h) 


19. Table of Probabilities of Occurrences of 
Stimulus and Response Categories, V-V-V, 
Reverses Cond Venenmeed .C soeyer ies, Fak<%.. 3. . 100 


20. Table of Probabilities of Occurrences of 
Stimulus and Response Categories, V-V-V, 
Adame OnGd 1 t3@neeh ees e- naar hak. .Raeak, = . LOL 


Zi, Table of Probabilities of Occurrences of 
Stimulus and Response Categories, V-V-V, 
2-Clascse faca troneConaitaoniay es, waw.2...°.. 102 


22. Table of Probabilities of Occurrences of 
Stimulus and Response Categories, V-V-V, 
ISMC LASS Tie a tloOnecond toni ie. <Aaksns..« .- 103 


23. Table of Probabilities of Occurrences of 
Stimulus and Response Categories, V-K-V, 
REVCESE CONG LOM] watmuie les te 6 “eters waste LOS 


24. Table of Probabilities of Occurrences of 
Stimulus and Response Categories, V-K-V, 
RG CONnGINsT On Amrece Ba eel cisee aa a. bet Slate bet sa eats ee OD 


25. Table of Probabilities of Occurrences of 
Stimulus and Response Categories, V-K-V, 
Za laSsstiCacioOnm CONG eLOnt a. <« sche. e es sole ae LOG 


26, able of Probabilities of Occurrences of 
Stimulus and Response Categories, V-K-V, 
PeClacsi te CavivontGOnGievone s/s) 6 set a ee en ey 


27. Percentage of Missing Data for each Difficulty 
Condition an, che Verbal, Modality. 5. = <2. »L0S 


23, Table of Probabilities of Occurrences Of 
Stimulus and Response Categories, K-V-K, 
REeveree  COMaLerOne bel al -e)se: “ous suas ee nek ae eh LOO 


Zo. etablérct Probabalities, of Occurrences: Gf 
Stimulus and Response Categories, K-V-K, 
Add Conditwon e e e e e e e e e e e © e e e bao 


aO0% Table Of Probabilities of Occurrences’ of 
Stimulus and Response Categories, K-V-K, 
JeCihASSiETCAUUOM GONnC MELON: s.00e is (usceb eos! oo cera 


SOL 
EOL 
bOL 
201 
SOL 


vor 


BOL 


e0L 


Hr aa ten 
, = © yait ‘YALVOET . 


2o 290ne 10. to asttitidsdexd te efdar .@f .¢ 
(V=V-V Bad 6D ‘eacogesd bas aniumiva 
ioe ae ke eo 6 ee 6S )6RODDEDAOD savevet 


‘ 30 seonsxzuand to asetzilidsedowd to eldest OF 
Te —— re ne eulumisa 7 
ar . » AOEEBnOD BHA - 


te eeotexrvoD0 to usitiltdedort io sides? «1S 
.V=V-7 ,estiopess® senoqast Bias anlumite 
«8 + ee © «2 MOLZLHNCD sotseoktiezsid=s 


to esonetsosO to esitifidsdoxd to sida? sss 
.V-V-/ \Seftope2s> seroqasA Bas eolumite 
~ «4 «© « * « «) MOEA Ibq09 noitesiiiees(9 <i 


to esnqstrisgeso to egerdiisdadoxd to sidsT ,.€& 
(V“A-V .asitopesss> serrogqesH bus aulumiga 
5 ee es te we lll hel h)|6hMOLED EROS St tSvSH 


te es0aszIw990 to esitifidsedoxd fo sidsT .a§ 
.¥-Ha-¥ epee examogesk bas eulumitse 
ae a ee ae oar SAEED BBA . 


io asone1zvO00 to egitilidsdoxd to sldsT .@8 
iid eertopeiseD senoqees bas ablumis2 
: + es » 4 MOLFEBHOD nopseottiaeslo+s 


to esonexiwigs0 to es hor Lid: dort 20 eldest aS | 2; 
,V-N-Y ,esitepets) senageon aulimkt2 
* ° . _ . * “ ° « AoLttbaod noitsbitieusio-i - 


Ytivoittid dose 16% sd60 pahseiM Jo spetussiigg .fS | — | 
+ se «+ YStESBOM fachoV ed? at netschroD rr 


to zacne reso to este Lidsdoud te Bs. 
_— iki nat 5 tp eal psa i | 


Xi 


Table Page 


Bl Table ‘of Probabisvelres GEiOcecurrences of 
Stimulus and Response Categories, K-V-K, 
T—Classci Pies tvon CONGa:t VON: «<<: igo cst tet 6) cs ees sale 


62, “Cable o8 Probabilities of Occurrences of 
Stimulus and Response Categories, K-K-K, 


REVERS SUCGMOd EO “ers > ten eta wins te beaver Dasma s ha. co ares Mo 
33% Table cot Probabilities of Occurrences of 

Stimulus and Response Categories, K-K-K, 

ROG COORG: L VO Tene yes Peet Gt Ee Nee ekese Beas ent A 
34% Table wor sProbabalieiles of Occurrences OF 

Stimulus and Response Categories, K-K-K, 

2-GQlagoh ue at Onme ONG 2UOl) «G5 secs fakes oe LD 


35. “Table of Probabilities cf Occurrences of 
Stimulus and Response Categories, K-K-K, 
eC a Scucet Gate Om eC Onc Ol a wa cme a Ges “eee, eG 


to Ht astsops! to seri Lidedoxd to. ote he . 
en opsss) Seroguam, iyo d ay ae 
a : ome a ae ots Lbaod sotssoliteesio~L 


end 


Figure 


LIST OF FIGURES 


OVernesd View Of lApparacus < 5.) 45 Ge «a Go 
View (Of POSITION Gi <o, “H,;, and Apparatus: % .5% 
Methods ort PresemGaciOn ~s.a-gal-<, Gi Adee ee kee as 


The Mean Error Over Four Levels of Interpolated 
Information Reduction for the V-V-V and V-K-V 
CORO Bel Seed, omer ea tee ea ee) a eg Oy aoe 


The Mean Absolute Error Over Four Levels of 
Interpolated Information Reduction for the 
K=-V—Keand, K-K-& Conditions «. < &@ .& son == 


AMOUNE Of InEormaction Transmitted Over the Four 
Levels of Interpolated Information Reduction 
for the V-V-V and K-V-K Conditions .... =.» 


Amount of Information Transmitted Over the Four 
Levels of Interpolated Information Reduction 
for the_V—-K-V. and K-K-K Conditions . .. =. . 


Es 


44 


58 


67 


68 


CHAPTER 1 
STATEMENT OF THE PROBLEM 


Introduction 

TO quantitatively investigate skilled human perfor- 
mance, an analytical framework was needed that would handle 
the individual components of performance and the interaction 
between components. Under the influence of a series of 
developments in engineering, communications and computer 
Science, experimental psychologists moved towards explaining 
performance in.terms of information and communication theory. 
Because of the number and complexity of the processes involved 
in human performance, computer analogies were utilized in 
order to define more simply the interactions of the processes. 

From these trends a theory was developed to account 
for skilled performance in human beings in an information 
processing framework. The human was viewed as a cybernetic 
system in the sense that control functions may be more 
important in the understanding of performance than energy 
conversion or power generation function (Pew, 1970). Attempts 
were made to formulate and describe stages of information 
processing within the organism as well as their limitations 
and performance capacities. 

The processing of information in the organism was 
broken down into three major stages: input, central processing 


and output. The main features of an input stage seems to be 
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a selective attention mechanism and a short-term sensory 
store (buffer). In the processing stage, the input infor- 
mation is coded and stored in memory. This stage, also, 
includes a stimulus recognition and identification process, 
involving memory scanning and a decision mechanism. The 
output stage involves an effector mechanism and some type of 
feedback system, functioning to inform the organism of the 
results of his output so he may organize his behavior. 
Because skilled performance is comprised of a sys- 
tematized sequence of activities, (Fitts and Posner, 1967) 
information, once past the input stage, must be temporarily 
stored while operations are being carried out on the ongoing 
input. This immediate storage function could be carried out 
by a short-term memory system (Posner and Rossman, 1965). 
Short-term memory has been the topic of extensive 
research since it is thought to play such a key role in 
information processing in sequential tasks (Broadbent, 1958). 
The suggestion has been made that the computer analogy for 
information processing breaks down at this point (Posner and 
Rossman, 1965). Unlike a standard computing system, the 
human operator is susceptible to loss of information from 
short-term memory when computing operations are being carried 
outcen’ the inputes Te fully specify the characteristics sof a 
human information processor, the laws governing the loss of 
information in short-term memory must first be understood. 
From studies, dealing with the rate of information 


loss from short-term memory and factors affecting the rate, 
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there appears to be a discrepancy among sensory modalities. 
Results from studies concerned with a short-term memory for 
kinesthesis, have led researchers to conclude that kinesthetic 
information does not conform to the laws of information loss 
for verbal and visual information stored in short-term memory 
(Adams and Dijkstra, 1966; Posner and Konick, 1966b; Sharp, 
1971). The difference between the kinesthetic modality and 
the verbal or visual modalities seem most evident when an 
interpolated task is introduced. The effect of an inter- 
polated task on recall is analogous to the effect on material 
in store from operations on ongoing input in a sequential 
task. 

This difference is partially accounted for in 
Broadbent's (1958) information processing model. In this 
model, short-term memory, or the rehearsal mechanism, is 
considered to be a recycling process. When rehearsal is in 
use, it demands a part of a limited central processing system 
in a given subject. Consequently, accuracy in immediate 
recall could possibly be reduced if there was an interruption 
Gf this recycling process, or if a sufficient part of the 
central processing capacity was not available. 

To stimulate this interruption of this rehearsal 
process in a research situation, a paradigm was used contain- 
ing an interpolated task between the input and recall stage. 
Further to this, studies have been done to determine the 
effects of varying types of interpolated tasks and their 


difficulty on recall (Posner and Konick, 1966; Posner and 
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Rossman, 1965). 

Posner (1964b) showed that the amount of information 
reduced in an information transformation was a quantitative 
predictor of-.task, difficulty. This reduction relates to the 
amount of the central processing capacity used in carrying 
out the transform.:- From this fact, the inference could. be 
made that as the difficulty of an interpolated task was 
increased, the portion of the central processing capacity 
available to rehearsal of information in store would be 
correspondingly reduced. As a results, short-term retention 
would be decreased as a function of the increasing diffi- 
culty of an interpolated task. Posner and Rossman (1965) 
found this to be true with verbal recall. However, when a 
kinesthetic recall task was used and the interpolated task 
was in the verbal modality, there was no significant decre- 
ment in recall accuracy as the difficulty of the interpolated 
task increased (Posner and Konick, 1966). These results tend 
to intimate that kinesthetic information was not centrally 
processed but was stored in a separate short-term memory 
system. 

However, task difficulty was compared across sensory 
modalities solely on the basis of the amount of information 
reduced, which is related to the amount of the central 
processing capacity used. But Broadbent (1958) suggested 
that processing demands of verbal skills are different from 
those of motor skills. He based this on the amount of 


conscious awareness which exemplifies these two types of 
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input and the manner in which they were coded. For the 
retention of verbal material, verbal labels would probably 
be used, whereas, as it has been suggested (Posner and Konick, 
1966), the retention of motor movements is not completely 
coded through the storage of verbal labels but rather as an 
image form which may require less central processing (Sharp, 
Lie Be ae 

Because a kinesthetic task seems to put less demand 
on the central processing capacity than a verbal task, it 
would seem that difficulty of tasks could not be compared 
directly across modalities only on the basis of the amount 
of information reduced in the task. 

Researchers (Posner and Konick, 1966; Williams, et al., 
1969) investigating the interference effects on short-term 
memory between sense modalities, and the related difficulty 
of a task across modalities do not seem to have considered 
this phenomena. Consequently it is possible that they may 
have overlooked some of the reasons why kinesthetic recall 
does not conform directly to the laws concerning verbal recall. 
Therefore, to meaningfully investigate the nature of, and the 
interactions between the verbal and kinesthetic modalities 
in short-term memory, equivalences, in terms of task diffi- 
culty should be made between these two operational systems. 
In doing so, it was felt that once equivalences in task 
difficulty were established, that nature of short-term 
memory, and consequently the characteristics of the human 


performer as an information processing system, might be more 


fully defined. 
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The Problem 


The present study was an attempt to determine equiva- 
lences, in terms of task difficulty between verbal and kines- 
thetic information transforms from their effect on recall. 

In addition, there was an attempt to determine if there were 
any consistent differences between the verbal and kinesthetic 
short-term memory systems, from the interference effect of an 


interpolated task on recall within the same modality. 
Definition of Terms 


Kinesthesis (K). Howard and Templeton (1966) define 
Kas ". . . the discrimination of positions and movements of 
body parts based on information other than visual, auditory or 


verbal." 


Information. A gain in knowledge due to the reduction 


Of uncertainty (Fitts and Posner, 1967). 


Bit. The unit used in the measurement of information 
and uncertainty. The amount of information (Binary digit) in 


a ‘ves=ne’ decaszon (Attneave, 1959). 


Information transformation. The process of trans- 
lating a stimulus code to a response code (Fitts and Posner, 


OG] )bs 


Information reduction. A process which results in 
the amount of information in the output being less than the 
amount of information in the input. This implies that there 


is information loss and as a result the original stimulus 
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cannot be recovered from the response (Fitts and Posner, 


L967). 


Short-Term Memory (STM), ". . . a system which loses 


information rapidly in the absence of sustained attention" 
(Fitts and Posner, 1967). It involves processes which only 
operate for approximately sixty seconds after the input. 
Beyond this interval information will be lost or transferred 


to long term memory. 


Interpolated task. An information transformation 
task which the subject is required to perform in the interval 


between the input phase and recall of a memory task. 
Limitations 

The task used for the K modality was restricted to a 
unidimensional replacement accuracy task. This task has been 
used by several researchers (Ascoli and Schmidt, 1964; Patrick, 


1971; Stelmach, 1969). But, because of their Singular nature 


such tasks may not be indicative of all similar tasks. 
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CHAPTER 2 
RELATED LITERATURE 


The concept of task difficulty in the short-term 
memory (STM) literature has only been considered as to its 
functional use in defining the nature of this system. As a 
result, there are certain key issues which must be considered, 
in order to specify task difficulty within two different 
sensory modalities. Essentially these problems are: the 
coding of verbal and kinesthetic (K) information; the pro- 
cessing of these types of information and the factors leading 


torthe loss of the information in STM. 
Ceding of Information 


"One goal of an informational analysis of behavior is 
to specify the codes involved in human behavior including 
neurophysiological processes, as well as, the inputs to man's 
sensory channels and his response codes" (Fitts, in Melton, 
1964). 

A code, which is central to the view of man as an 
information processor, consists of a population of symbols 
and a system of rules or constraints governing them (Fitts 
and Posner, 1967). The purpose of a code is to provide a 
more readily remembered unit than would be the case if a 
direct representation was stored in memory. It is believed 


that man uses a discrete coding process, in that, he 
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categorizes his input information. 

Coding is directly related to the maximum possible 
rate at which the human system can transmit information. The 
concept of a channel capacity includes specification of the 
code to be used. Therefore, if the code is changed, the 
capacity of the human system to transmit information may be 
changed also (Fitts and Posner, 1967). As a result, one 
cannot apply the theorems of information theory to human 
performance without first considering the types of codes 


used. 


Coding of verbal information. For auditory presen- 
tations, evidence for verbal encoding is very strong 
(Wicklegren, 1965). Sperling (1963) has suggested that 
aurally presented information is read into an auditory 
information storage storage system and stored in the form 
of verbal labels. This notion is supported by studies by 
Conrad (1964) and Wicklegren (1965, 1966) in which acoustic 
interference was found to be the main reason for information 
loss. 

The notion of an auditory information storage system 
would suggest that aurally presented information, which has 
verbal labels for storage directly available, is subject to 
simpler encoding than another type of information which has 
to be given a verbal label. This recoding of non-verbal 
information into verbal form could be.called a type of 
strategy which may effect the rate and amount of non-verbal 


information which can be processed. As predicted by this 
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view, verbal coding is very efficient for storing information 


iy Sith (Pollack, 1963) ; 


Coding of K information. Posner (1967) suggested that 


in motor skill learning, one may consider the concept of a 
representational memory. He based this suggestion in part on 
the results of several studies (Adams & Dijkstra, 1966;) Posner 
and Konick, 1966) which led the investigators to conclude that 
K information was not stored in the form of verbal labels. 
Adams and Dijkstra (1966) using a blind lever position- 
ing task, obtained rapid forgetting for unfilled intervals 
from 5 to 120 seconds. Posner and Konick (1966) followed these 
findings a little further. They used two tasks: retention of 
a position on a line (visual location) and the retention of a 
distance of a motor movement, conducted without visual infor- 
mation (kinesthetic distance). Rehearsal was prevented 
by an interpolated task of varying levels of diffi- 
culty as measured by the amount of information reduction 
required in the task. Both visual location and kinesthetic 
distance showed systematic forgetting as measured by a 
decrease in accuracy of replication over the delay interval. 
However, K-distance produced forgetting over an unfilled 
interval and the rate of forgetting over the filled intervals 
was completely independent of the level of difficulty of the 
interpolated task. Visual location showed the opposite 
results. They concluded that K information was not stored 
by an active process, such as verbal rehearsal, and made the 


suggestion that the information wqs stored in some non- 
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rehearsable form such as an image. 

This notion of an image, in Sperling's (1963) terms, 
is used to refer to an extremely brief and complete repre- 
sentation of a prior visual image. However, it may be applied 
to the K modality. This type of storage code would then 
contain more information than a straight verbal code. Posner 
(1967) stated that the code for K involves. the storage of all 
information which is not in the form of verbal labels. How- 
ever, he indicated that this code refers to the types of 
information available eee task but not necessarily to what 
Bneyseis subjectivelysexperiencing or attending to. 

It is possible that K information is recoded into a 
crude verbal label for storage as was suggested by Greenwald's 
(1970) ideo-motor mechanism. Consequently, in this theory, 
the verbal code for the K information may require decoding 
back to the initial response image in order to be employed. 
Because of these transformations the fidelity of the K 
response may be affected. However, it would seem that there 
is strong evidence for a representational image for K in STM 


supporting the view that perhaps K information is not codable 


(Wilberg, 1969). 


Channel capacity of the STM system. The capacity of 


an S to receive and retain information on a short-term basis 
is the measurement of the immediate memory span defined as the 
number of discrete units that can be replicated in series 
after one exposure (Postman in Melton, 1964). It has been 


found that there really is no constant when using information 
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theory statistics to describe the capacity (Miller, 1956). 
For example, it is as easy to recall eight random letters as 
it is to recall eight random digits even though the infor- 
mationa value; an bits; of the: former, is muchegreaters thant the 
latter. Miller (1956) suggests that there is no maximum 
value on the amount of information that can be transmitted 
but rather the limiting factor is the number of conceptual 
units on "chunkss"™- Chunking: or recoding may ber the) result 
of attaching labels or differential response to a group of 
discrete units (Postman in Melton, 1964) which may constitute 
a type of strategy for learning. 

If labels are readily available due to the way the 
information is processed (e.g. digits coded by verbal labels) 
it would seem that this type of stimulus information, could 
be packaged into "chunks" with more ease than would infor- 
mation such as K which does not seem to be coded in verbal 
form. Perhaps it is the properties of the stimulus infor- 
mation and subsequent coding which causes the variability in 


the channel capacity of STM. 


Information Precessing in Siu 


In an information processing model of the human 
performer, the central processing mechanism has been shown to 
be of the serial type (Norman, 1970). That is, the system is 
capable of performing one, or at maximum, several very elemen- 
tary processes at a time. The limitations of the processing 


Capacity are dependent on the type of transformation process 
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involved. The human, performing an easy or highly learned 
task, such as walking, is able to attend to other stimuli in 
the environment. As the primary task increases in difficulty, 
it demands more attention of the limited processing capacity 
and consequently the capacity available for dealing with 
other stimuli is reduced (Posner, 1966). 

Processing in STM could, perhaps, be viewed as a 
recycling or rehearsal of the stored information which 
demands part of this limited processing capacity (Broadbent, 
1958). This demand may come about as a result of attempting 
to apply rules and strategies from a permanent store to the 
information in STM, for improved retention. In this respect, 
STM could be looked upon as an "operational" memory system 
(Hunter, 1964; Posner, 1967a). To investigate information 
processing in STM, an experimental paradigm was utilized in 
which there was no opportunity tor rehearsal over a delay 
interval. Rehearsal was eliminated by the insertion of an 
interpolated task which would control the attention of the 
central processing capacity. The rationale behind the para- 
digm is that, with rehearsal prevented, there should be a 
decrement in recall, if processing in STM requires a part of 
the limited processing capacity. 

It has been readily shown that verbal material in STM 
requires a part of the limited processing system. Peterson 
and Peterson (1959) found that retention of a "CCC" trigram 
was greatly decreased when the S's were required during the 


delay interval, to count backwards by 3's from a number 
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presented immediately after the trigram. Supportative 
evidence was given by Posner and Rossman (1965). They found 
a linear relationship between the amount of information 
reduction in the interpolated task which defined its diffi- 
culty, and retention of numeric digits... As-:the difficulty of 
the task increased, the capacity available to the rehearsal 
of the digits was accordingly reduced. 

Although K information, as suggested above, may be 
stored as a representative image, it may be meaningful to 
consider rehearsal or recycling of this non-verbal material, 
if it too, was shown to require a part of the central 
processing capacity (Posner and Konick, 1966). Posner and 
Konick found that a K distance recall task was independent 
of the amount of central processing capacity available. With 
this task, forgetting was nota function of task difficulty. 

Taking these results one step further, Williams et 
al. (1969) conducted four experiments on the effects of 
Similar interpolated activity on the retention of digits 
and specific K events. In their first experiment, they 
tested the effect of interpolated digital activity (rest, 
recording, adding, and classifying of digit. pairs) on the 
retention of a six digit sequence. They replicated Posner 
and Rossman's (1965) findings that short-term forgetting of 
digits: is an increasing function of the size of the infor- 
mation reducing transform in the interpolated task. [In 
their second experiment, they used the same interpolated 


task to test the effect on K recall. They confirmed Posner 
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and Konick's (1966) results that STM, for K information, does 
not depend on the central processing capacity for rehearsal. 
Experiment III, using a K interpolated task conceptually 
Similar to the digital task, showed that K recall can be 
interfered with by K interpolated task. In their final 
experiment, K interpolated activity interfered with digital 
recall only when it was of an information reducing type. 
The conclusion from these results was that STM for K and 
verbal material were based on independent neural mechanisms; 
i.e. different locations for processing in STM. ~ Sharp (1971) 
found that K recall was not affected by the interpolation of 
a redundant K task and concluded that central processing 
demands of K information in STM were minimal perhaps due to 
the type of coding. The conflicting results between this 
study and Experiment III of the Williams study may rest on 
the fact that the K interpolated task in the Williams study 
was much more similar to the material in store and perhaps 
Similarity ic aucritical vanlable in K “STM: 

In summary, researchers have shown the verbal material 
in STM requires the availability of the limited processing 
Capacity, whereas this is not so for K information in STM. 

It has been further suggested that K information is not 
Coqavplem(Wilbeng 94969),5 “ir this is so, the concept of an 
"Gperarional ‘STM which readily applicable in* the verbal 
modality is not functional in the K modality since rehearsal 


may not be possible. 
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Rates of Information Loss From STM- 


Two major theories for information loss which have 
been applied in research on verbal and K STM are the trace 
decay and interference theories. The basic premise of the 
decay theory is that learning deteriorates over a retention 
interval and as a result, recall is reduced (Adams, 1967). 
Several investigators found a loss on recall of a subspan 
series of verbal items if rehearsal was prevented (Brown, 
1958a; Conrad, 1957). Peterson and Peterson (1959) showed 
that the retention of a single trigram was reduced as the 
retention interval, in which the subject counted backwards, 
was correspondingly increased. There has been some dispute 
as to whether or not these losses can be attributed to decay 
(Moray, 1960; Norman, 1969). 

Decay theory, applied to K STM, has been given more 
support (Adams and Dijkstra, 1966; Pepper and Herman, 1970; 
Stelmach and Barber, 1970). One of the major studies in 
this area was done by Adams and Dijkstra (1966) who attempted 
to extend the findings of Peterson and Peterson (1966) to the 
K modality. They tested STM for simple linear, graded motor 
responses, with iength of retention interval and number of 
reinforcements as basic variables. The retention interval 
was from 5 to 120 seconds. They found error to be an 
increasing function of the retention interval and was 
interpreted to be the result of trace decay. 

However, Sharp (1971) has pointed out that perfor- 


mance in the Adams and Dijkstra study was as good after 
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15 seconds delay as after zero seconds delay. This obser- 
vation is supported by results of several other studies 
(Posner and Konick, 1966; Stelmach, 1969b; Wilberg and Sharp, 
1970a and 1970b). Therefore, it appears that K information 
may not be susceptible to decay within a 20-second delay 
(Sharp, 19721). 

The second theory is that of interference. This 
theory holds that responses learned before the criterion 
response is learned (proactive inhibition) or in the retention 
interval (retroactive inhibition) causes a decrement in 
recall (Adams, 1967). Studies utilizing a retroactive 
inhibition paradigm are most relevant to this study, so these, 
alone will be reviewed. In the verbal area, Wickelgren (1956) 
found that recall was reduced, due to retroactive inhibition, 
with the number of interpolated items and with increasing 
phonemic similarity to that of the material in store. How- 
ever, with the interval held constant, acoustic similarity 
does not seem to completely account for a decrement in recall. 
Posner and Rossman (1965) found that, the difficulty of 
interpolated processing, with the interval and acoustic 
Similarity held constant, had a large effect upon retention 
of -digits. As the difficulty of. the interpolated: task 
increased, recall decreased. Although interference, using a 
retroactive inhibition paradigm has been demonstrated, 
exactly what factor precipitates it, does not seem to be 


very clear. 


In the area of K STM, several of the earlier studies 
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done were concerned with the effects of non-motor information 
reduction tasks on motor recall (Posner, 1967; Posner and 
Konick , 11966; sWilliams-et-al., 1969). -In-each!of-these cases, 
only one movement was given for the criterion task. The 
general conclusion was that K recall was not affected by a 
lack of opportunity for rehearsal. However, it may have been 
that the capacity of the S to handle such information was not 
stressed. 

Further research was done on the effects of 
interpolated motor task on recall. Stelmach and Barber 
(1970) investigated the retention of K information from 
blind positioning responses. The two conditions used were 
a 30-second rest interval and a 30-second interval in which 
the subject engaged in an antagonistic interpolated task. 
They found that both conditions showed significant amounts 
of forgetting but the mean differences between conditions 
was not Significant. The results were supported by several 
Spneratindingss(BatrickseLo7is-eSchmidt and Stelmach, 1969; 
Sharp, 1971) and consequently provide little support for 
interference theory in motor STM. However, Boswell and 
Bilodeau (1960) gave some supportative evidence to this view. 
They found that zeroing a lever did not cause a decrement in 
recall but disengaging from the equipment and retrieving a 
pencil did. It has been argued that the results may have 
Gausedea Losssin “cognitive,set” (Sharp) .1971)»,butj;on;-the 
other» hand, this may give an:-indication of .the type of task 


needed to interfere with K STM. 
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Recently, in a study done by Pepper and Herman (1970), 
it was shown that interference could be demonstrated in K 
STM. In their study, dealing with a force estimation task, 
they found that the relative magnitude of the interpolated 
motor task had a significant effect on retention. By 
reanalyzing previous data and showing this interference 
effect was present when algebraic error was taken, they 
provided support for their conclusions. 

Conclusive evidence has not been produced to support 
either the decay theory or the interference theory. Dual 
theories of forgetting have been proposed for both verbal 
STM and K STM (Pepper and Herman, 1970; Stelmach, 1969a; 
Wicklegren, 1966). Representative of this view is Posner's 
(1966) "Acid-Bath" model, in which it is proposed, similar 
items, in competition, intermingle during the retention 
interval and destroy the trace. This theory would then hold 
that interference depends both on the time in store and the 


Similarity between the stored material. 
Measurement 


Although information theory is not a psychological 
theory, the concepts when applied to skilled performance are 
useful in quantifying the processes involved in skills. The 
purpose of this section is to consider types of tasks and the 
measures of performance in order to evaluate the techniques 
of measurement in information theory that are connected with 


this study. 
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Types of tasks. It has been stated (Coombs et al., 
1970) that tasks in the study of human performance may be 
Classified in terms of "what constitutes error." Posner 
(1964) proposed a taxonomy of information processing tasks, 
distinguished on the basis of task requirements with psycho- 
logical implications. The three types of tasks proposed 
were: (1) a creation model in which S is required to map a 
Single point to more than one response (Coombs et al., 1970 
would classify this as an "equivocation intolerent task," 
i.e. given the response, any uncertainty about the stimulus 
is®ferror)) (ii) "a eduction’ modelin ‘whichrthe. §/must*map (more 
than one stimulus point into a single response (the error 
classification for this would be as an "ambiguity intolerant 
task," 1.e. given the stimulus any uncertainty associated 
with the response is error;) (iii) a conservation model in 
which the S must preserve all the stimulus information in 
the response (this would be referred to as a "pure trans- 
mission task" because it is both equivocation intolerant and 
ambiguity intolerant). 

To date, the major concern in human performance has 
been with the pure transmission task. Memorization is of 
this type, since the § is presented with a stimulus and 
the response consists of recalling all of the information in 
the stimulus. However, as Posner (1964) suggested, infor- 
mation conservation is not the only and perhaps, not even the 
most representative process, of information processing in 


humans. He has shown further, that an ambiguity intolerant 
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a 
task involving information reduction is related to the 
difficulty of a- task. In such a way, he has provided a tool 
for more concisely investigating the capacity and nature of 
the STM system as evidenced in the studies by Posner and 
ROssman (1965) ‘and Widdsamsset al. (1969). 

However, as Coombs et al. (1970) point out, when 
Posner talks about information reduction, he is referring to 
what the S has to do to the stimulus in order to arrive at 
his response. Statistically, he also uses the term to refer 
to the resultant of subtracting the stimulus uncertainty. from 
the response uncertainty using the "bit" unit. Although using 
informational measures to quantify and classify the thought 
process is useful, one cannot infer as to the type of psycho- 
logical processes taking place such as tactics and strategies. 
In some cases, it may even be more difficult to reduce certain 
types of information, such as K information, because of a 
lack of useful strategies. 

Coombs et al. (1970) do suggest why the information 
reduction measure, as Posner used it, provides information. 
In the task, the response should be predictable from the 
Stimulus because these are correct answers. But the statis- 
tic measures the degree to which the type of stimulus is 
unpredictable from the response. Therefore, they conclude 
that the degree to which the stimulus is unpredictable from 
the response would seem to be a reasonable measure of the 
independence of the stimulus and response, if the task was 


correctly. carried out. They, then, hypothesize that .as the 
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22 
independence between the stimulus and response increased a 
greater number of mediation processes would be required to 
produce the response. This may break down however, when it 
is extended to K information which may not involve any of the 
mediating process, if, as it has been suggested is not 
processed in the central processing capacity (Posner and 


Konickgole6SseWidliams Gteal<ey 1969). 


Measurement of Performance. In order to meaningfully 
measure performance, Fitts and Posner (1967) have proposed 
several criteria that the measurement should fulfill: (i) it 
should indicate the extent to which the output reflects the 
input or the contingency between the two; (ii) it should allow 
for comparisons between tasks with varying temporal patterns 
(i.e. discrete, serial, continuous); (iii) it should be 
responsive to the accuracy of the response, taking into 
account other aspects of performance other than the standard 
used to specify success; (iv) the measure should be sensi- 
tive to the time required to perform the task. However, as 
they conclude, no single measure appears to meet all these 
requirements. So the researcher must choose a measure which 
is most appropriate for the task at hand and will be sensi- 
tive to the critical variable which will aftect performance 
Wichin the context of that. skill. 

In a memory task, measurement of the amount of infor- 
mation transmitted seems most applicable. This measure (T) 
may be used whenever it is possible to separate the input 


into a set of discrete responses, each with a probability 


| eniy > ue. 1 
oo to ‘ya eylovat Jeo ee \thokaw net eiegest ot bebastxe ek 


ae. Spe, eee 


sap ai bovaspeue aged esd ti @8 ,2i ,eneDetg veal 
< 


| ‘ ; to @ 
_ bas xengod) yLoegno paisesoo%g isitma> edd ai beeesoorg — a 
- 
« (BRL te 39 emetiLiw soael A2kAOR ; 


yilotpaiassn o3 186% mI +59 = 
may | bsaoqoxg oven (Nd@L) xemeod bre estt7 “jaitley s1wesom | 
$4 (iz) +ittaiu® bluehe tasmexvesom oft tend sizedixe Isiovea - 
eit) B409L20% tuq¢uo ef? doidw ot smedxe sit stsotbnk blvods | 
: wolls bluoda +i (bi) tows oft noswied yonepmitaos eid so Juges 
| anretisa iexocmes pibyieyv ivie atest nsewsod enoetisgqmoo 262 
ed Bivona ti Dynes -(adgouatdnco ,letyse ,etezoekb ase) 
oti paitss \sanogess ari2 to yosuo0s eft oF svienegass 
pvnieebe ici reds Neen esonsmucotisg to e75sqas xzsiso tngoDos 
~tanse ed ‘bluode exru2Bem eis (vi) (eesvove yitoeqe oF ven: 
2k ale sees edt iwidtied ot ere emis ef% oF avis ta 
eaetits Its, soum ot aapogas siwensm slonie on vebulanan) yods 7 a 
dots, sxwenssi & soot seu xefiobisese: ert o2 _admemexiupet | 
-lense ad Ltiw ‘bap Bes Je 4263 93 10% oteisgdxqqw Seomiak i 


- ppnemroi4teg sostte Siw oe. . Btdeisev ipotaiz ont of ovit 7 


& ¥ e} Tt J be 
ie dame Le 7 


23 
associated with it (Coombs et al., 1971). 

The information transmitted (T) is the amount of 
input information represented in the output. In a memory 
task, when T is measured, the response is conceptualized as 
a message. Since the responses each have a probability 
associated with it and because these probabilities are in 
part dependent on what the input is, then there is uncertainty 
associated with the response of the S. As a result, informa- 
tion is transmitted from stimulus set to response set. Since 
a memory task constitutes a pure transmission task, any con- 
ditional uncertainty related to either the output, given the 
input, Or the input, given the output, is error. Therefore, 
with perfect recall, uncertainty in the input set equals the 
uncertainty of the output set which equals the maximum amount 
of information which would be transmitted. T represents, 
therefore, the conditional constraints or correlation between 
the stimulus and response. 

This measure, however, is statistical by nature and 
cannot describe performance completely. T does not reflect 
the pattern of responding; that is, a response is either 
right or wrong, and there is no accountability in the measure 
for the "goodness" of the response. 

This measure is useful for comparing performance in 
the sense that information transmitted is a dimensionless 
quantity. Since the information in a discrete statistical 
distribution does not rely on a unit of measure, the concept 


can be used in comparing results from different experimental 


| 


« 
Yiatetyovds et sreds asd3 yas Soqns sit tafe ao: saebaeqeb a8q 
~sMICINL ,iiueen B “BA 2 383 +o naniagee® ands it bw bersiooaas 
sonia tsa gedoqesx, od tse aulumita pharg betsimansxd et coo 
=nop. yis ,#88) acdbasimenays sava 5 setusisenos Aass roma = 
odd navip ,\tuqsuo sds zetia of fre iaikinre yIniss seone enoi3iB 
~atoweisi? .Torr ef ,tuqtvo eds sevlp ,duqni sade 16 sag 
eri alaups tee Fuare eof at yimtatrsoay i fsoos tyetieq datw 
Jnyoms ees ats SiBupS itw see tugguo sis 20 ontaasenng 


i ahd a T° »bagsicigasss 9d BDMOW doidw notisercotar to 
- “St 


neswied doktélaxz05 ao etaisitencs idhocshhade eis ,estctevens 


i wey 


.Sanogess Bas evlumkte of 
) Cpa 


Dns eatidéa ye Leoktattete ai ,isvewen ,stvesem elAT 7 


= .04 


soagnas aon 2908 9 {fledstgnos st eC aR ala ealacee Jeane, 


eddie er a “ep tena ‘pabbnoges2 2 nxesteq ‘bas 
ao 

nt: ates ‘af sieid bis \ pHtOZW 20 sdpit 

a 


gh ‘git to “eeenboop” eye a 
nen bi Stuesom sea? 


qabiidsdory & pyar dose esenoqae7 Sad aonke” — 
_ 

ok oi6 ass irdedorg séed? sausosd bas Jt itiw pee) Pte 
+ 


: 


24 
Situations, which would normally be useless since they are 
based on different metrics (Miller, 1956). 

Like other measures, it handles some aspects of 
performance and disregards others. But for this study, the 
measurement of T fulfills the main criteria in that the 
measurement reflects the covariance or correlation between 
the input’ and output. >" In addition,. it:-allows) for comparisons 
to be made because of its non-metric quality which might have 


otherwise be meaningless. 
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CHAPTER 3 


PROCEDURES 


Experimental Design 


The experimental design was a treatment by subjects, 
factorial design, replicated ten times for each subject. The 
three factors of experimental interest were: the sensory 
modality of the information input, the sensory modality of 
the interpolated task, and the amount of information reduc- 
tion carried out in the interpolated task. The sensory 
modality of the information input factor had two levels 
(visual and kinesthetic). The sensory modality of the inter- 
polated task had two levels (visual and kinesthetic). The 
difficulty of the interpolated task had four levels (Reversal, 
Addition, 2-Classifications, 1-Classification)’. 

The levels of the first and second factors were to 
assess the nature of the STM systems for both sensory 
modalities from the effects of an interpolated task of the 
same and different modality. 

The levels of the third factor were chosen to 
represent an increasing size in the information reduction 
which has been shown to be a quantitative predictor of task 
difficulty (Posner, 1964b; Posner and Rossman, 1965). The 
four levels were used to determine the effect of an increas- 


ingly difficult interpolated task in both. the. verbal and K 
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modality on recall of verbal and K material stored in STM. 


Apparatus 


The apparatus (See Figure I) consisted of a l inch 
by 48 inch metal rule used as a track, mounted on a baseboard, 
A metal cursor, ] inch by 1.5 inches was constructed to fit 
the metal track, with a knob on the top for fingertip grasping. 
This was used by the S for making simple linear motor 
responses and was designed so that friction and inertia were 
minimized. Two blocks 2 inches by 2 inches by 48 inches, 
were mounted on the baseboard on either side of the track. 
On these blocks, 10 intervals of 1.5 inches each, were marked 
off; 5 on each side ef the midpoint of the track. Each of 
the intervals was then scaled in quarters of an inch. The 
size of the intervals were chosen on the basis of the results 
of a pilot study (Appendix A). Sets of holes were drilled 
into the blocks, such that a physical stop could be posi- 
tioned at each interval so that it defined the length of a 
response required of the S on any trial. Two sets of holes 
were made at either end of the 10 intervals so that a stop 
could be positioned as a starting point on the left and right 
side of the total working space. The apparatus was fixed to 
a table top, at right anglesto the line of vision of the S, 
for left and right movements. The S sat on one side of the 
table with the midline of his body in line with the midpoint 
of the track (Figure II), The E sat on the opposite side of 


the table. In order to eliminate any relevant visual cues, 
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FIGURE I. OVERHEAD VIEW OF APPARATUS 


FIGURE II. VIEW SHOWING POSITION OF S, E AND APPARATUS 
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S was blindfolded throughout the experiment. 

instructions: and input information for the verbal 
conditions were ail pre-recorded on magnetic tape on a 
Phillips magnetic tape recorder, type EL 3549A/54. Since 
the S produced K responses at varying speeds, the E provided 
verbal instructions for the K condition. A Gralab Universal 
Timer, model i72, was used to time the 20 second interval in 


which the K interpolated task was carried out. 
Recall Task 


Verbal modality. S was presented-with a series of 8 
numeric digits from 0 to 9 recorded one at a time at a rate 
6: 30 digits per minute. Each S- received 40 such series per 
session. The digits were randomly chosen and assigned to 
each series. The task was to recall verbally, the 8 digits, 
in order, after a 20 second delay interval. During this 
intezval the S-was engaged in/an interpolated task. 

K Modality. The S was required to makea series of 
5 movements all in one direction, the distances of which were 
determined by a physical stop positioned by the E before each 
move. Each §S was given 40 such series per session. The 
length of the movements were randomly chosen from the 10 
possible alternatives marked out on the apparatus and were 
randomly assigned to a series. The task was the recall of 
the five movement lengths, in order, as accurately as 
possible after a 20 second interval in which the S engaged in 


an interpolated task. 
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Interpolated Task 


The following four types of interpolated tasks were 


adapted from the study by Posner and Rossman (1965), so that 


they could be carried out in both verbal and K modalities. 


Each task represented varying amounts of information 


reduction and consequently varying levels of task difficulty 


(Posner, 


ee 


1964b). 


Reversal: 


(a) Verbal’ Modality: The» S was presented with a “pair 


of digits and was required to recall them in 
reverse order. 

K Modality: The S was presented with two linear 
movements and was required to replicate them in 
reverse order. 


The transformation was such that the input and 


output information were equal and therefore was zero 


bits reducing (Posner and Rossman, 1965). 


Addition: 


(a) 


(b) 


Verbal Modality: The S was required to add, 
verbally, the two digits with which he was 
presented. 

K Modality: The S was given two movements and 
was required to indicate the total length of the 


two moves on the track by a linear movement. 


In both cases, each digit or length given, was. one of 


10 alternatives. Therefore, each had an information load of 


about 3.3 bits and so the total input information of the pair 
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had 6.6 bits.* The sum of the digits and lengths, however, 
Contains ‘only 3S8*bitss Therefore, this task required: 2°08 
bits reduction (Posner and Rossman, 1965). 

Be s2=Class@rrrecattons « 

(a) Verbal Modality: The S was to classify the pair 
of digits as high (50 or above) or-low (below 50) 
and as odd or even. 

(b) K Modality: The S was required to classify the 
pair of lengths as long (total length of the two 
movements pass the midline of the body) or short 
(not past the midline) and as same or different 
depending on whether -the S could discriminate 
between the two lengths or not. (The categories 
were represented by linear responses. A "long" 
response was represented by a long movement on 
the track and a "short" response by a short move. 
"Same" was represented by a short movement and 
"different" was represented by a short movement 
with a siight forward-backward movement of the 
CULrSOL at the end “of-ites) 

In this condition, the input information: was, again 

6.6 bits but the output was only 2 bits, resulting in a 4.6 
bit reduction task (Posner and Rossman, 1965). 
Age I- ClassPilcatvoen: 

(a) Verbal Modality: The S was required to respond 
"A" if the pair of digits was. high and even or 
low and odd. The S responded "B" if the pair 


*Information theory, from which these computations are 
derived, are fully explained in Attneave (1959). 
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of digits was high or odd or low and even. 

(b) K Modality: The S responded with a "long" move- 
ment (past the midline of the body) if the pair 
of movements was long and the same or short and 
different. S responded with a short move (not 
past the midline of the body) if the reverse was 
pee WKS 

This condition called for a 1 bit response. With the 

input information the same as the previous tasks, this was a 


5.6 bit reduction task (Posner and Rossman, 1965). 
Subjects 


Eight male graduate physical education students, ages 
22 to 45 years old were used as subjects. They were selected 
on the basis of availability and freedom from any handicaps 


which may have impaired their performance. 
Method 


Hach S was tested. individually in.4 sessions of 
approximately 60 minutes each. The testing in each session 
contained 1 level of the sensory modality of the input and 
1 level of the sensory modality of the interpolated task 
and all 4 levels of information reduction carried out as the 
imterpolated task (V-V-V; K=K=K, V=K-V, K-V-K) (Figure 3). 

Order of testing sessions were randomly assigned to 
the Ss. At the beginning of each session, the S was presented 


with a series of instructions. They were told what type of 
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INPUT PHASE INTERPOLATED TASK RECALL PHASE 


VERBAL 
(3 pairs of 
VERBAL SONS, VERBAL 
(8 digits) -reverse 
-add 
-2 classifications 
-1 classification 


K 
(3 =pairs of | 
VERBAL Rey eMouke? VERBAL 
(8 digits) -reverse 


—-add 
-2 classifications 
-1 classification 


V 
(3 pairs of 
digits) 


K 
(5 movement 
lengths) 


-reverse 

-add 

-2 classifications 
-l1 classification 


K 
(3 paars o£ 
movements ) 


K 
(5 movement 
lengths ) 


-reverse 
-add 

-2 classifications 
-1 classification 


eco 
cae 


Figure 3: Method of task presentation. 
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33 
input they would receive (either digits of movements) and how 
they were to recall it. The Ss were, also, informed as to 
the type of interpolated task to be used and received instruc- 
tions on how to handle the pair of digits or pair of movements 
that would be given in the interpolated task phase. Before 
each: session the Ss received six practice trials on the inter- 
polated tasks. Each trial consisted of three phases: the 


input phase, the interpolated task phase and the recall phase. 


input phase. In the verbal condition, the Sheard a 
pure tone followed by the presentation of eight digits. In the 
K condition, the S was. seated an, front of (the apparatus. 
The: command "Grasp," followed by "Left" or. "“Right;". indicated 
to the S which starting point on the track the cursor. was 
POsitiened., “Theo meved his iprererred hand to theaknob7on 
the cursor and grasped it between his fingers and thumb. On 
the command "Move," S moved the cursor out to meet.a physical 
stop, placed by the Ej. On the command "Return," the 5 
returned the cursor to the starting position. (Boswell and 
Bilodeau [1964] showed that allowing s to return the control 
lever on his own had no effect on. recall.) This procedure 
was repeated 5 times. The starting position was to the left 


or right of the midpoint and was assigned randomly to each 


crvale 


Interpolated phase. Immediately after the last digit 
or movement was given, the S was presented with a command to 


"Reverse, “Add,” "“2=Clagsifiicatizons” or 1-Classiftication." 
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In the verbal condition of the interpolated task, the S was 
then, immediately, presented with the first of three pairs of 
digits with the appropriate information reduction task to be 
carried out verbally after each pair was given. In the K 
condition of the interpolated task, the S was, immediately, 
given the command to "Move." The S then moved the. cursor out 
to the physical stop positioned by the E and returned it te 
the starting point. This procedure was repeated again. Then 
the 5, carried out the appropriate, transformations on the 
movements. This process was. repeated 3 times. so the S 
received 3 pairs of movements. 

The order of interpolated task difficulty was assigned 
randomiy, to: the-40 trials with each’ difficulty- condition 
appearing 10 times. The length of the interpolated phase was 
set at 20 secondss— However, in the:--K condition:-the E had 
itctle control voverpthe speedsiar=whuchssthe: Stmaderhusimove; 
ments. Therefore, on twelve trials, the interval was 
extended by 2 seconds. An interval of 20 seconds was chosen 
on the basis of the conclusions drawn in the literature 
(Sharp, 1971). Le was telt that-after this time: interval the 
K memory trace would be susceptible to decay. In this study, 
there was. an attempt to control for the decay factor by using 
a 20. second. interval,,so that it would not confound: the. inter- 
ference effect of the interpolated task. Therefore, in the 
previously mentioned 12 trials, the decay factor may account 


for some of the decrement in recall. 


Recall phase. On the termination of the interpolated 
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task interval, S was given the command to "Recall." In the 
verbal condition, the S repeated verbally, in order, the 8 
digits presented in the input phase. In the K condition, the 
S was then given the command "Grasp" followed by either 
"Left" or "Right." Recall was always from the opposite end 
of the track at which the input information was given. The 
S then proceeded to grasp the cursor and replicate the five 
movements given in the input phase. The cursor was returned 


to the starting position after each movement. 
Dependent Variables 


To measure performance decrement, the following 
variables were chosen: 
(a) Verbal Modality: The number of digits which were 
not recalled or incorrectly recalled. 
(b) K Modality: The absolute error in reproduction 
accuracy measured in inches on each of the five 


movements lengths to be recalled. 


Stetistical Analysis 


The data was analysed using one-way, two-way and four- 
way analyses of variance. A Fortran IV ANOV80 program (an N- 
way analysis of variance program) was computed on an IBM 360/67 
computer at the University of Alberta Computing Science 
Department. Duncan's New Multiple Range Test was used as a 
test between means for main effects. A repeated measures 


design was utilized in order to reduce error variability due 
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36 
to individual differences (Myers, 1969). Because carry-over 
Or practice effects are prevalent in a repeated measures 
design, replications was treated as a factor. A conservative 
rejection level of .01 was chosen to reduce the probability 
of a Type I error. 

Also, the amount of information transmitted in each 
condition was determined from the data according to a pro- 
cedure described by Garner and Hake (1951, pp. 447-451). In 
tie verbal condition, the inability of the Ss, in some 
instances, to recall necessitated the inclusion of a "missing 
data" row in the averaged joint probability matrices (Appen- 
dix E).- Because it was’ felt.that the Ss lack of recall was 
reflective of the interference effect of the interpolated 
task, the inclusion of the missing data seemed necessary in 
order for the measure to be meaningful. In addition, the 
percentage of non-recalled stimuli was calculated to further 
clarify what was contained in the verbal information trans- 
mission measure. 

In the K condition, it was necessary, for the creation 
Of) a JOINt PprObablility matrix, to classify a response as 
correct or. incorrect. Therefore, it. was decided that. any 
response within +1 or -1 inch of the actual movement’ stimulus 
would be considered correct. This decision was based on the 
results of the pilot study reported in Appendix A, in which 
it was concluded that 1.5 inches between movements from the 
range of 0 to 15 inches was easily discriminable 100% of the 


time. 
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CHAPTER 4 
ANALYSIS 


Following a review of related literature as presented 
in Chapter 2, two hypotheses were formulated. However, some 
of the pertinent problems in the present study have only been 
the concern of limited research. Therefore, a series of 


questions were formed to deal with these specific issues. 


Hypothesis 

Hy: Verbal recall performance following a reversal interpo- 
lated task > verbal recall performance following an 
addition. interpolated task » verbal recall performance 
following a two bit classification interpolated task > 
verbal recail performance following a one bit classifi- 
Caci~on anterpolated task (V-V=V, V-K-V). 

Questions 


1. Is there any difference between verbal recall perfor- 
mances when a verbal interpolated task is used as an 
interference factor or when a K interpolated task is 


used as an interference factor? 


The first hypothesis was substantiated by Posner and 
Rossman, (1965) using a subspan digital recall task and inter- 
polated verbal tasks increasing in amounts of information 


reduction. In this hypothesis, decrement in recall was 
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38 
considered to be directly related to the difficulty, measured 
in terms of information reduction, of the interpolated task. 

The first question was formed in order to investigate 
the statement by Williams et al. (1969) that "if the proposi- 
tion of the independence of verbal and kinesthetic retention 
mechanisms is true then [a K interpolated task] should not 
interfere with the recall of digits unless it includes some 
type of information transform." They found using Rest, Record 
and Add conditions, only a slight tendency (not statistically 
Significant) for the K interpolated task to interfere with 
the -recall-of digits. It was- noted that a t-test (p = .05) 
showed that the effect was mainly due to the difference 
between the Rest and Add conditions. 

The question was also posed in order to determine 
the type of interpolated task and related difficulty that 


would interfere with a verbal recali task. 


Degrees of Freedom 


Greenhouse and Geisser (1958) have shown that when 
the assumption of covariance is not met, conservative degrees 
of freedom can be used which will correct for this. In this 
study, a repeated measures design was used which requires 
all pairs of repeated measures to have equal covariance in 
order for the conventional F ratios, for tests involving the 
repeated measures, to have an F distribution (Wilson, 1971). 
Therefore, it was considered necessary to draw conclusions 


based on Greenhouse and Geisser conservative degrees of 
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39 
freedom in order to control the artificially inflated degrees 
of freedom prevalent in a repeated measures design and to 
test for the assumption of covariance. Conventional degrees 
of freedom were used where the conservative test was not 


applicable and for multiple comparisons between means, 


Verbal Modality 


Primary analysis. A two-way analysis of variance, 


employing conservative degrees of freedom and a four-way 
analysis of variance, were computed on the error scores 
(Table 1 and Appendix C, Table 9, Respectively). Significance 
of the main effect of task difficulty indicated that mean 
error, under each level of task difficulty, differed greatly 
(po. > .001). Since the interaction term failed to reach 
Significance there did not seem to be any difference between 
recall error after a K interpolated task under each level of 
task difficulty and after a verbal interpolated task under 
the four levels of task difficulty. The effect of sybjects 
did not reach significance at the .01 level. Replications 
were considered as a factor in order to assess fatigue or 
learning effects but it did not reach significance. Mean 
error scores for the two main effects are presented in 
Appendix C, Table 10. 

Duncan's New Multiple Range test was used for the 
difference between means for the error scores over the 
four levels of difficulty for both modalities of the inter- 
polated task (Table 2). Using mean error scores as the 


criterion, the Reverse condition for a K interpolated task 
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Was. 20Und CO be Significantly different (p. = .01) from the 
Reverse condition for a verbal interpolated task. For all 
other conditions of difficulty, there were no significant 
differences between a K and a verbal interpolated task. 

A further analysis was carried out on the effect of 
the levels of interpolated task difficulty within the separate 
interpolated task modalities (V-V-V and V-K-V) to fully 
clarify the effect of level of difficulty on recall. There- 
fore, the main effect of interpolated task modality was 
partitioned into verbal interpolated task over four diffi- 
culty levels and K interpolated task over the four levels 


On rift cule 
V=V=V 


The one-way analysis of variance was calculated with 
the absolute error scores as the criterion (Table 3). The 
main effect of level of difficulty of the interpolated task 
was Significant at the .01 level of confidence. The effect 
of replications was not included in this analysis since it 
was found not. to reach significance (p = .01) in the four- 
way analysis of variance for the verbal modality condition 
(Appendix C, Table 9). The mean error scores over the four 
levels of difficulty were reported in Appendix C, Table 10, 
The graph for these mean error scores was illustrated in 
Figure 4. As shown in this graph mean error in recall of 
digits inecyeaged asithe difficulty of the interpolated 


transform increased. A trend analysis (Appendix C, Table 11) 
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LEGEND 
-——— Verbal Interpolated Task 
o————o K Interpolated Task 


MEAN ERROR 


O | &@ S) 4 5 6 
NUMBER OF BITS OF INFORMATION REDUCED IN 


INTERPOLATED TASK 


Figure 4: The mean error over four levels of 
interpolated nformatrione reduction ror™ the-Vv-Vv-V and = V=K-V 
conditions. 
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45 
was carried out on these data to determine the form of the 
function which would best describe the relationship between 
the level of difficulty and the mean error score.. The error 
score was. found to vary linearly (p = .01) with the number 
of bits of information reduced in the verbal interpolated 
task. 

Duncan's New Multiple Range test was applied to the 
mean error.scores (Table 2). The mean error score for the 
Reverse. condition failed to differ from the mean error for 
the Add condition. The Add condition differed from the 2° 
Classifications and 1-Classification condition and 2-Classi- 
fications condition differed significantly from 1l-Classifi- 


Gation condition® (po = 401). 


The one-way analysis of variance was completed on the 
absolute error scores (Table 4). The main effect of level of 
difficulty of the interpolated task was significant at the 
-0O1 level of confidence. The effect of subjects failed to 
reach significance (p = .01). The effect of replications 
was not calculated since it failed to reach significance in 
the four-way analysis of variance for the verbal modality 
condition (Appendix C, Table 9). The mean error scores of 
the four levels of difficulty were reported in Appendix C, 
Table 10. The mean error were graphed over the four diffi- 
culty conditions (See Figure 4) and a test of linearity 


(Appendix C, Table 12) was carried out on the data. The 
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47 
mean error in recall of the digits was found to increase 
linearity (p =).01) as»aj function of increasing, difficulty of 
the K interpolated task. 

Duncan's New Multiple Range Test was applied to the 
mean error scores for the. four conditions of.interpolated 
taskidiffaculty (Table.2).<.Ilt*was+ found that: all-the-means 


qdiftteredaat, the, .01 level of confidence. 
Discussion 


The results of the V-V-V and V-K-V conditions seem 
to be consistent with Broadbent's. (1958) functional model of 
human information characteristics. That is, there was 
definite indication of a limited capacity for processing 
information in STM. In addition, the results supported 
numerous other studies which have demonstrated, as Posner 
(1963) stated "that retention in (verbal) short-term memory 


is an active process which is extremely liable to disruption." 


Coding of Information. Posner and Konick (1966) 
presented two criteria which they felt, if met, would indi- 
cate that retention of information in a task might be 
accounted for by verbal labels or verbal encoding, alone. 
If information was stored in verbal labels, they suggested 
that, little or no forgetting would be expected over an 
unfilled interval and the amount of forgetting would be 
expected to increase with interpolated task difficulty. [In 
the present study, only one of these conditions was made 


available. Verbal recall errors were found to be a linear 
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function of the difficulty of the interpolated transform, in 
the V-V-V and V-K-V conditions. However, it may be: of 
interest to consider the nature of the K reverse task, in 
which there was no information reduction and required only 
simple reproduction of the input (a pure transmission task), 
in light of its interference effect in comparison to the 
verbal Reverse task. The verbal Reverse task involved a 
high degree of familiarity with the interpolated stimuli and, 
like the K task, required no information reduction. However, 
it caused an average error score of 2.48 digits per 8 digit 
series as opposed to a .98 digit decrement caused by the K 
task. The indication was that another variable aside from 
difficulty and familiarity may have been operating to inter- 
fere with recall. In conjunction with the results of Conrad's 
(1964) study, it may-be valid to attribute this to: acoustic 
interference, in which case, one, would have to conclude that 
the digits were stored in the form of a verbal code in STM. 
Similariy, the suggestion may be made that since the K task 
did not have a comparable effect, it was not verbally 
encoded. From this inference, the K Reverse condition may 
be regarded as analagous to a Rest condition since the input 
of such information would not prevent the processing of the 
Verbal intormation.§ Lt thiswis-so, both criteria- set-torth 
by Posner and Konick (1966) were met, the conclusion may be 
made that the verbal information was stored in STM in the 


form of verbal labels. 
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Information processing. The four types of inter- 


polated tasks were chosen because they involved increasing 
levels of information reduction which Posner (1966) suggested 
would demand increasingly more attention of the limited 
central processing capacity. As-a result, the capacity 
available to other processes, in this case, rehearsal of an 
8 digit series, would be correspondingly reduced. If 
processing of this verbal material did, in fact, require the 
same processing system as the interpolated task, recall 
errors would increase, as suggested in the first hypothesis, 
as the difficulty of the interpolated task increased. The 
results of the main effects of interpolated task difficulty 
substantiate this hypothesis (see Figure 4). In the V-K-V 
condition, only those K interpolated tasks involving infor- 
mation reduction (Add, 2-Classification, 1-Classification) 
were found to be as effective in reducing recall as their 
corresponding information transforms in the verbal modality. 
The K Reverse condition (O bits reducing) created signifi- 
cantly less decrement in recall than the verbal Reverse 

task (Question 1). This may indicate that in order to 
effectively reduce the information contained in the K task, 
verbal associations were used which may have necessitated the 
use of the central processing in the same way the verbal 
interpolated tasks did. Because the interference effect of 
the. K Reverse task was not equivalent to the effect of the 
verbal Reverse. task, it could be inferred that a. K task, 


which does not require verbal transformation, does not 
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require the attention of the central processing system. This 
conclusion adds support to the hypothesis that -K information 
unlike verbal information is not centrally processed (Posner 


ang, Konick,. 1966). 


Information loss. The results obtained for the main 
effect of level of difficulty of the interpolated. task were 
in full agreement with the first hypothesis that the accuracy 
of recall is a decreasing function of the size of the infor- 
mation transform intervening between presentation and recall. 
The interference effects provided by the verbal interpolated 
task were consistent with the results of Posner and Rossman 
(1965) except in the case of the Reverse and Add conditions 
which showed no significant differences in recall error. 

This inconsistency was also evident in the results of 
William et al. (1969) and was attributed to the fact that 
practice may overcome many of the effects of information 
load on performance so variations in the effects of these 
well practiced tasks may be expected from one experiment to 
another. 

The fact that the interference effect of the K inter- 
polated task for the Add, 2-Classifications and 1-Classifi- 
cation condition were comparable to the corresponding condi- 
tions in the verbal interpolated task modality suggests that 
the difficulty (defined by the amount, of information reduced) 
of the interpolated task rather than similarity to that which 
igs in store is the more important variable in. interference 


effects on verbal recall. In the verbal modality, an 


mien oid to? bonietdo exivacr ent 
| ex]w ave? bese loqzesad eit to ystison8826 20 igut 20 jostte 
yostnoSS eft sedi eleedsogyd terih erz asbw jnsmestps {iu ab 


“ton! sit to oste sid to nottonvt pnteseitssb = al iLaosx 20 

.ifisoez Sre nottednsasig noswited poinsvisias: mroteasss noitam 

Besta Lege (tit iedssv alt yd bebivorg atostis scistaliesat sat 
| 


mMemeeo8 Bis teneséd to axinrear ade dtiw Soda balan etaw deat 


va @ 


enorssbrios BbA Das. eatevos et 20 ses6 sity ci sqeaoxe (2ee@L) 

tours Lisost ak sesnsxeitib tasoltiapia om beware dotslw 

to etioro1 ort mi Jnebivo osis esw Youszeteacont eld? 

#643 t3s2 oft of Batudiasss asw brs. (@aes) le te metitew 

noisémiotnat to estostbe sft 3 Yoam nai igalbed yen sotsoszq 

eeoit to etosits efy ak anottebxey oe sbnamioixeq 10 bsol ; 

ot tasmixeqxs sno mori: betosqxe od yen extent beottoarg Liew 
~tatni X sft to dostie sonsrsttesn, aty sect dost sit : 


~itiewslo-1 bas anotsncit tagalog — ant x02 deed bassiog 
- thao anata ae od sane ars coivtbno noit69 
a - 3 Ge, 


ou 


increasing amount of information reduction causing a corres- 
ponding increase in recall error, would suggest an inter- 
ference model as an explanatory concept for loss of infor- 


mation. 


Subjects. The subjects effect was significant at the 
-O1 level. However, the variability between the Ss were con- 
Sistent across all treatment conditions, since there were 
no subject by treatment interactions. The fact that the main 
effects for treatments was still significant even with inter- 
subject variability indicates that the effects of the treat- 


ments were extremely powerful. 


Replicatvons. lhe oltect olf replications was not 
Significant. This indicates that minimal practice or 
fatigue effects were present over the V-V-V and V-K-V 


conditions. 


Hypothesis 


H,: K Recall performance following a reversal interpolated 
task = K recall performance following an addition inter- 
polated task = K recall performance following a two bit 
classification interpolated task = K recall performance 


following a one bit classification interpolated task 


(K-K-K, K-V-K). 
Question 


2. Is there any difference in K recall performances when a 
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oy 
K interpolated task is used as an interference factor or when 
a verbal interpolated task is utilized as an interference 
factor when both involve increasing amounts of information 
reduction? 

The second hypothesis was formulated, mainly, on the 
results of studies by Posner (1967), Posner and Konick (1966), 
and Williams et al. (1969). In each of these studies, no 
evidence was found that K recall was related to the availa- 
bility of the limited processing capacity. Therefore, recall 
should not be affected by increasing amounts of information 
reduction. 

The second question was formulated due to conflicting 
evidence regarding interference effects in K recall. It was 
concluded by Posner and Konick (1966) and Williams et al. 
(1969) that digital information processing has no systematic 
effect on K recall. As for the effect of a K interpolated 
task on recall, Blick and Bilodeau (1963), using an arc 
drawing task which required only a single K interpolated 
task, found no interference effects. Sharp (1971) 
demonstrated further, that retention of K information in STM 
was not affected by the interpolation of a redundant K task. 
However, other authors, notably Boswell and Bilodeau (1964) 
and Williams et al. (1969) did obtain an interference effect 
from the K interpolated task. 

The question was also posed in order to determine the 
type of task and its related difficulty that would cause a 


decrement in K recall. 
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K Modality 


Primary analysis. A two-way analysis of variance, 
using Greenhouse and Geisser conservative degrees of freedom 
and a four-way analysis of variance, to determine the effect 
due to the factors of subjects and replications, were per- 
formed on the data (Table 5, and Appendix D, Table 13, 
respectively). In the two-way analysis of variance, the 
effect of interpolated task modality reached significance 
only at the .05 level of confidence. Similarly, the effect 
due to level of difficulty failed to reach significance 
(p = .01) indicating that the recall error scores for the four 
levels of difficulty did not differ. The main effects inter- 
action, also, did not reach significance at the .01 level, 
but was Significant at the .05 level of confidence. In the 
four-way analysis of variance (Appendix D, Table 13) the 
subject effect was significant at the .0l1 level of confidence, 
whereas, effects due to replications were non-significant. 
Mean error scores for the main effects of interpolated task 
modality and level of difficulty were reported in Appendix 
D, Table 14. 

A Duncan's New Multiple Range Test was applied to 
the mean error scores over the four levels of difficulty for 
both modalities of the interpolated task. The K Reverse 
condition was not significantly different from the verbal Add 
condition. The K Add condition was significantly less than 
all ‘the ‘verbal tditfiiculty, conditions. (p = .01). The K 


2-Classifications condition did not: differ from the verbal 
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Reverse, Add and 2-Classifications conditions. The difference 
between the K 1-Classification condition and the Verbal 
Reverse and Add conditions failed to reach significance at 
the .01 level of confidence. The verbal 1-Classification 
condition was significantly greater than all the K conditions 
Srrdririoulty (pe=— 01). 

To further clarify the effects of the level of diffi- 
culty on recall performance, the effect of interpolated task 
modality was partitioned into the two levels of that factor 


(K-V-K, K-K-K). 


K=V=K 


A one-way analysis of variance was performed with 
the absolute error scores as the criterion (Table 7). The 
main erfect ef difficulty of the interpolated. task did not 
reach significance at the required .01 level of confidence. 
The effect of subjects was found to be significant (p = .0l). 
Replications was not treated as a factor as it failed to 
reach .01 level of significance in the four-way analysis of 
variance for the K modality condition (Appendix D, Table 13). 
The mean error scores for the four difficulty conditions 
were presented in Appendix D, Table 14. 

A graph for the mean error scores was illustrated 
in Figure. 5. 

A Duncan's New Multiple Range Test was applied to the 
means (Table 6). Using the mean error scores, the Reverse 


condition did not significantly differ from the Add and 
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Pagure #52) The mean) error over four levels 
of interpolated information reduction for the K-V-K and 
K-K-K conditions. 


5h) 
2-Classifications conditions (p = .01). The difference 
between the Add, 2-Classifications and 1-Classification 
conditions did not reach the .01 level of significance. 
However, the Reverse condition was significantly less than 
tne, 1-Classification condition-(p = .01). A test of linearity 
was carried out on the data (Appendix D, Table 15). The test 
indicated a linear trend over the four levels of information 


reduction. 


Kens K 


A one-way analysis of variance was carried out on the 
absolute error scores (Table 8). The main effect of diffi- 
culty of the interpolated transform failed to reach signifi- 
cance at the .01 level of confidence. Similarly, the effect 
of subjects failed to reach the .01 level of significance. 
The effect of replications was not considered in the analysis 
Since it failed to reach significance at the .01 level in the 
four-way analysis of variance (Appendix D, Table 13). The 
mean error scores for the levels of difficulty of the inter- 
polated task were presented in Appendix D, Table 14. A 
graph for these data was represented in Figure 5. 

A Duncan's New Multiple Range Test was applied to the 
means (Table ©). With the mean error score as the criterion, 
the Reverse condition did not differ significantly from the 
2-Classifications or 1-Classification conditions (p = .01). 
The 2-Classifications condition did not differfrom the 


1-Classification condition. The Add condition was significantly 
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61 
less than the other three difficulty conditions at the .01 
level of confidence. A test for linearity (Appendix D, 


Table 16) was found to be non-significant at the .01 level. 


Discussion 


Information processing in STM. As Posner and Konick 
(1966) suggested, it may be meaningful to talk about the 


rehearsal of non-verbal material if it were shown that it 
required part of the central processing capacity. However, 

in the present study, K information showed no significant 
increase in forgetting with increased interpolated information 
processing, which was in accord with the second hypothesis. 
These findings are exactly in agreement with Broadbent's 
(1958) prediction that a task which is strictly motor and 
involves less conscious awareness of the information involved 
seems to be independent of the available central processing 
capacity. 

Sharp (1971) using a redundant K interpolated task 
found no differential effect on K recall from a task 
requiring different amounts of non-verbal processing. In 
the present study, the K tasks containing information 
reduction (Add, 2-Classifications, 1-Classification) may have 
involved verbal transformations and, therefore, should have 
relied less on a non-verbal processing capacity than the 
Reverse task which was 0 bits reducing. Following up Sharp's 
argument, if K was rehearsed or recycled in STM, the K 


reverse task should have had a significantly larger effect 
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62 
on recall than the other 3 interpolated tasks. Analysis of 
the *mainveffect of task difficulty (Table 5) and the®*Duncan's 
New Multiple Range Test (Table ©) indicated that there was 
no differential effect from the four K interpolated trans- 
forms which was in agreement with Sharp's findings. It can 
be argued, therefore, that K information is not maintained 
by a recycling or rehearsal process and, thus, does not rely 


on the central processing capacity. 


Coding of information in STM. As discussed in the 
previous section on the verbal modality, Posner and Konick 
(1966) proposed two criteria to determine if retention of 
information could be accounted for by verbal labels alone. 
In the present study only one of these criteria was dealt 
Withs. This*criterion,. concerning an’ increase in forgetting 
with an increase in interpolated task difficulty, was not 
met. In an analysis of the effect of interpolated task 
difficulty on K recall, there was no evidence that forgetting 
was significantly related to the size of the interpolated 
information transform. These results are consistent with 
several other studies (Posner, 1967; Posner and Konick, 
1966; Williams et al., 1969) in which it was concluded that 
K information was stored in image form. The analysis of the 
main effect.of level of difficulty of a K interpolated 
transform (Table 8) was not significant at the .01 level of 
confidence indicating no difference between the four levels 
of difficulty. As suggested, in the previous section on 


processing, it was very likely that verbal transformations 
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63 
were involved in the tasks containing information reduction. 
Therefore, K recall, if it were rehearsable should have shown 
the greatest decrement under the Reversal condition since it 
was completely non-verbal in nature. However, this was not 
the case, and may have indicated that K STM involved a direct 
representation of the available information. This would 


Support the hypothesis that K information is non-codable. 


Information loss from STM. The interval between 
presentation and recall of the stimuli was deliberately set 
at 20 seconds since Sharp (1971) indicated that K information 
may not be susceptible to decay within this time span. Thus, 
loss due to decay was thought to be controlled for in the 
study. An analysis of the main effects interaction, which 
waS Significant at the .05 level, indicates that there may 
have been a somewhat greater interference effect from the 
verbal interpolated transform involving information reduction 
than from the K interpolated transforms. It is tentatively 
suggested that this may be attributable to a type of loss of 
"cognitive set" resulting from the switching of modalities 
pilus the attention demand of the verbal interpolated task. 
The results indicated that there was an interference effect 
in all experimental conditions (i.e. there was definite 
recall error). The test on the difference between means 
indicated that there was no difference in the interference 
effect of an interpolated task containing information similar 
to that in store (K Reverse, K 2-Classifications, K 1-Classi- 


fication) and a verbal interpolated task which was dissimilar 
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(V Reverse, V Add, V 2-Classifications). This finding is 
contradictory to Sharp's conclusion that only similar 
material will interfere. However, unlike several other 
Studies (Blick and Billodeau, 1963; Williams et al., 1969) 
the Ss were thought to be maximally loaded, receiving five 
movements to replicate instead of one. The K Add condition 
only required one movement and was only 2.8 bits reducing 
(as opposed to the other conditions which required either 
Switching modalities, a greater magnitude of movement or 
greater information reduction) produced a significantly 
smaller effect than all other conditions. Thus, it may be 
argued that in the case where the S is maximally loaded, a 
"set" must be maintained in order to sustain K information 
in STM. Although the argument is, by no means conclusive, 
an interference model may be suggested by these results as 


an explanation for the loss of K information from STM. 


Subjects and replications. The subject. effects 


was again, significant indicating that there was inter- 
subject variability in performance. Replications was not 
Significant, indicating that learning and fatigue effects 


were minimal. 


Questions 


3. Is the amount of information transmitted in a verbal 
recall task, with a verbal interpolated task of 
increasing levels of difficulty, given between stimulus 


presentation and recall, comparable to the amount of 
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information transmitted in a K recall task under the 
same conditions? 

4. Is the amount of information transmitted in a verbal 
recall task equivalent to the amount of information 
transmitted in a K recall task when a K interpolated 
task of increasing difficulty is presented, in both 
cases, between the stimulus presentation and recall? 

Both of these questions have been posed in order that 
the consistent differences and similarities between the 
verbal and K STM systems can be further investigated. 

The use of the information measure was necessitated 
by the difference in types of performance scores normally 
used for evaluation in the separate modalities. 

Essentially, by comparing the operational systems, 
perhaps, more conclusive statements may be made about the 
nature of the K STM system which is of main concern in this 
study. In the related literature section on coding, the 
statement was made that "coding is directly related to the 
maximum possible rate at which the human can transmit 
information" (Fitts and Posner, 1967). Therefore, by 
determining the amount<of information what could tbe itrans= 
mitted under varying conditions of recall, it may be possible 
to further specify the types of codes used and their effect 


on information processing in the STM system. 


Results 


In order to compare across modalities, a unit of 
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66 
measure that could be applied to both the verbal and K 
modalities was needed. Therefore, the amount of information 
transmitted was calculated from a table of probabilities of 
joint occurrences of stimulus and response categories 
(Appendix D, Tables 19 to 26, and 28 to 35). The amount of 
information-transmitted, “in. bits, over the four levels. of 
integpolated task difficulty for the both medalities of that 
task was presented in Appendix E, Tables 17, and 18. A 
graph of the amount of information transmitted for the V-V-V 
and V-K-V conditions along with the corresponding conditions 
(K-K-K and K-V-K) were illustrated in Figures 6 and 7. In 
addition, the percentage of missing data for the verbal 
modality, due to the inability of the Ss to respond, is 
reported in Appendix D, Table 27. 

On comparing the results of this measure with the 
metric measure, it seems that the amount of information 
transmitted in the K modality does not always mirror the 
mean error scores under each difficulty condition. This may 
be attributable to the fact that the informational measure 
does not reflect the goodness of the response, but rather 
Gtascifties it as ‘correct’ or “incorrect. “Wher verbal daca 
appears to be in agreement with the mean error scores for 


alt vihe’ conditions. 


Discussion 


Information processing. Because the information 


transmission measurement used in this study, due to 
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Figure 6: Amount of information transmitted over 


the four levels of interpolated information reduction for 
the V-V-V and K-V-K conditions. 
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alterations in standard procedure of calculations, was not 
thought to be totally reliable, no legitimate conclusions 
could be drawn from this data. However, the author felt that 
it would be worthwhile to use the data to further speculate 
on issues already discussed. 

Processing in STM, Broadbent (1958) stated, may be 
recycling or rehearsal of information. At this stage the 
information may be "chunked" or strategies put into use in 
order to increase the probability of retention. However, 
if the information was in a non-rehearsable form, such a 
central operational STM system would not be functional. 
Information available to an operational STM system would be 
more likely to be transmitted than information stored ina 
representational memory. In the present study, if these 
assumptions are true, more verbal information should have 
been transmitted than K information. This was found to be 
true in most conditions (Appendix B, Table 17 and 18). This 
indicated that K information, unlike verbal information, 


may not be centrally processed. 


Coding of information. In the previous discussions, 
the suggestion was made that verbal information seems to be 
stored in STM in the form of verbal labels. Similarly, the 
proposal was made that the STM system for K is representative 
and K information may not be codable unless it involved some 
verbal transformation. 

The purpose of a code, in itself, is to provide a 


unit that will be more easily stored and retrieved in STM 
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than a direct representation (Fitts and Posner, 1967). 
Therefore, it may be valid to presume that, on the average, 
in a recall task involving codable information, more infor- 
mation should be transmitted than in recall of non-codable 
information and perhaps may be less susceptible to inter- 
ference or decay in STM. From the results in Appendix E, 
Tables 17 and 18, this seems to be the case, in the present 
study. On the average, 2.45 bits of information were trans- 
mitted in the verbal modality as opposed to 1.76 bits in the 
K modality. In the Reverse, Add and 2-Classifications 
conditions, the verbal information appears to be less 
affected by the interpolated transforms, but the reverse is 
true with the 1-Classification tasks. No explanation of 
this trend has been determined. One may speculate that 
this type of task, the information contained in which would 
appear also to be verbal encoded, would interfere the most 
with verbal recall because it utilized the same processing 
Capacity and was the largest information transform. Like- 
wise, it should interfere the least with K recall because it 
did not utilize any of the suggested representational memory 
and in terms of the magnitude of movement involved, the K 
1-Classification contained the least amount of movement of 
all four tasks. However, the data on mean error was not. in 
complete agreement with the information transmission measure 
so no definite conclusions could be made concerning this 
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measure, however, seem to add support to the hypothesis that 


K information is non-codable. 


Equivalences in task Oli culty. If the amount of 


information transmitted reflects the effect of the inter- 
polated transform on verbal and K recall, it would appear 
that difficulty cannot be solely defined as the amount of 
information reduction in an interpolated task. Three inter- 
polated transforms (Reverse, Add, 2-Classifications) were 
associated with a much lower rate of information transmission 
in the K modality as opposed to the verbal modality. It is 
interesting to note that the 1-Classification task was 
associated with almost equal information transmission in both 
modalities. However, in the K modality the rate was higher 
than the previous conditions and in the verbal modality the 
rate of transmission was decreased in comparison to the other 
conditions. From the previous analysis of mean error, verbal 
recall decreased as a function of the increasing amount of 
information reduction both with a verbal and K interpolated 
task, the only difference lying in the K Reverse condition. 
Essentially, K recall was equally reduced under each con- 
dition of the verbal and K interpolated task, regardless of 
the amount of information reduced (verbal 1-Classification 
caused a slightly. larger decrement). It could be inferred 
that the information reduction measure really has no 
functional meaning in terms of task difficulty in the K 
modality and that any task of the same nature may cause equal 


disruption of recall regardless of the information reduced. 
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No definite conclusions can be drawn concerning 
equivalences in task difficulty between modalities. How- 
ever, it seems that loss of K information from a system 
which is maximally loaded, results from any type of inter- 
polated task regardless of the amount of information 


reduced in it. 
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CHAPTER 5 
SUMMARY AND CONCLUSIONS 


Summary 

The purpose of this study was to determine the nature 
and requirements of a task that would cause the verbal and/or 
KiolM systems £o. lose, information. In doing So, i& was 
thought that any consistent differences or similarities 
exposed by the investigation would help to define the nature 
of these two operational systems. The experimental design 
was a subject by treatment, factorial design, replicated ten 
times for each subject. The Ss were 8 graduate physical 
education students. 

The apparatus consisted of a metal track mounted on 
a baseboard. A metal cursor was mounted on the track. The 
working space of the subject consisted of ten 1.5 inch inter- 
vals marked off on the track. The apparatus was used by the 
Ss for making simple linear motor responses. Visual cues 
were controlled by blindfolding the Ss. The experimental 
task was to receive information input (either 8 digits or 
5 movements), store the material for a period of delay during 
which the Ss engaged in a series of interpolated transforms 
(either with pairs of digits or pairs of movements) and to 
recall the information input either verbally or kinesthe- 
CLC aly « 


There were three factors of experimental interest: 
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sensory modality of the input (verbal or kinesthetic [K]); 
sensory modality of the interpolated task (verbal or K); and 
level of difficulty of the interpolated transform (Reverse, 
0 bits réducing; Add, 2.8 bits reducing; 2-Classifications, 
4.6 bits reducing; 1-Classification, 5.6 bits reducing). 

Two hypotheses and a series of questions were formed, 
all dealing with recall under the varying conditions of the 
interpolated information reduction. 

The findings of the four related parts of the experi- 


ment were as follows: 


Verbal recall errors increased linearly as a function 
of the amount of information reduction in the interpolated 


task. 


Verbal recall error increased linearly as the diffi- 
culty of the K interpolated transform increased. The K 
interference effect was equal to the verbal interference 
effect only when it contained an information reduction 


Operation. 


K=VeK 


The decrement in recall accuracy was found to be 
unrelated to the difficulty of the verbal interpolated 
transform. The verbal 1-Classification task did cause a 


slightly larger decrement than any of the K interpolated 
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tasks. This may have been indicative of the type of task 
difficulty needed to cause a greater decrement than was 


evidenced in the other conditions. 


Ime GeCrement in mecallvaccuracy was again found to 
be unrelated to the information reduction in the interpolated 
transform. In addition, the results showed that most of the 
K conditions caused a decrement that was not significantly 
different than that caused by the verbal transforms of 
Reverse, Add and 2-Classifications. 

From the use of a measure with units common to both 
modalities (bits Of information), it was found that informa— 
tion transmitted in the verbal recall tasks under the varying 
levels of task difficulty was much greater than the amount 
of information transmitted in the K recall task under the 


same conditions. 


Conclusions 

On the basis of the results obtained and within the 
limitations of the study, the following conclusions were 
proposed: 

There appear to be separate STM systems for verbal 
anode he inrtoLcmac Len. 

Verbal information is coded and stored in STM, in 
the form of verbal labels, whereas K information appears to 
be stored in a non-codable (i.e. image) form. 


K information, unlike verbal information, does not 
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appear to be centrally processed. 

The amount of K information lost should be greater 
than the amount of verbal information lost under the same 
conditions of recall since K information does not seem to 
be available for rehearsal. 

Loss of verbal information is systematically related 
to the amount of information reduced in a task which follows 
the presentation of the stimulus. 

Loss of K information is unrelated to the difficulty 
of a task when difficulty is represented by the amount of 
information reduction. It is tentatively proposed that K 
information loss may be increased if there is a lost of "set" 


or "task readiness." 


Recommendations 

The study has shown that K information loss in STM 
is unrelated to the amount of information reduced in an 
interpolated task. Therefore, it seems that the term "diffi- 
culty" defined as the amount of information reduction is not 
applicable in the K modality. The results of the study 
concerning K eluded to an increased decrement in recall as a 
result of a type of "set" change. Whether this is valid or 
not is a problem that needs to be investigated. 

No "Rest" condition was provided in the study in 
order to determine if delay was really controlled for by 
the 20 second interval. This condition should be inves- 
tigated in relation to the intervals containing increas- 


ing levels of information reduction. 
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A KIGKMAIGA 


PILOT sTUDY 
SIZE OF A DISCRIMINABLE INTERVAL FOR A LINEAR MOTOR TASK 


The purpose of this experiment was to determine what 
size of interval between movements in a linear replacement 
task was necessary for easy discrimination. The subjects 
were 3 male graduate physical education students. The 
apparatus consisted of a cursor mounted on a metal rule which 
served as a track. The metal rule was scaled in inches. The 
experimental =task involved the Ss moving the curser along the 
track to a physical stop. Using the “Method of Constant 
stimuli,” each S,received a standard movement and a comparison 
movement and was to respond “Same” or “Different.” Bach S&S 
received 30 such trials at 6 different positions. The 6 posi- 
ttons=represented Jong, medium, and short movements in the S's 
working space on the track. The movements were: 15 inch 
movements from the right and the left, 7 inch movements from 
the right and the left, and 2 inch movements from the right 
and the left. The 6 movements were presented in random order. 
The percentage of correct responses was calculated for each 
movement Category. 

The results indicated that: 

1. An interval of 3/4 of an inch was easily discriminable 

(no error) in the 2 inch movement range, from the 


jennie gues cwokol Selgyse UN syere, 


ASAT ROTOM ZaAguTs A 40% aavaaeus aISAMEMADETE 


tsiw snimseseb ot 26w tnamixegxs aint 20 geoqiug odT 


diemevsigei is9nil s mk etiomevom neswted Isviegai_ jo este” 


asdetdie off .moktsaimixosib yess tor yuseasoent enw atest 


oi? .asnebutea mokstsouvbe Isoteydq etsubsap olsm & sx6w_ 


doidw ofoxt [stem 6 a0 betnvom rosive & to bedeienco avtsisqqs — 
sat ,asfoni at Selsoe esw siuz Issam sit toss & as beviee 
sit profs 1tomi%vo sit paivom a2 ont hevfovat xasd {stasmiteqxs 
jasianoD.to boitteM" sit patie .qode Isoteydg s oF tosxt 
foeltaqmos 6 bons jnemevom bisbaste s beyisost 2 fioss ",ifomise 
2 fosk “.tusisiiid" xo "sense" bnogeex oJ esw buns tnemevom 
-teoq 38 sHT .anoltieog JnstetiiS 3 ts elsigd fovea OF beviese 
a'e eft ni etnomevom stoda boas ,mytbem \Etol bednseexqex eaots 


dont 21 :etew esaomevom sit  .Aos1d sit no sosqe pniAtzow ni 
mort etusmsvom ions { ,¢?6l edt bas Fdipixa eft mori etasmevom 7 


tdpix sft mori atnemevom ron: S bos ,ttel.sdt bus tdpix sit 


.tsbio mobns1 m1 betisesi1g stew atnensvom 3 sAT -tiel edd bas 


doses tot botselvolso esw asanogest J99IIO9_ to spasnptang nat ( 
-Yitopeds. snomovoa 

:tedt betsolbat atiuee: eT 
sidsnimtuoeih yLiess asw domi as 29 B\E to Laviedat aA ood 
elt mor \9enss tnomevom sient S sad ak peer ee 


= 


a 


' 


85 


2. An interval of 1 inch was easily discriminable 
(no error) in the 7 inch range, from the right and 
the left. 
3. An interval of 1.5 inches was easily discriminated 
(no error) in the 15 inch range from the right and 
the left. 
It was concluded that a 1.5 inch interval was nec- 
essary for simple discrimination when stimulus lengths, to 


be presented, would range from 0 to 15 inches in length. 
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APPENDIX 8B 


PILOT etUubpy 
MAXIMUM LOADING IN A KINESTHETIC RECALL TASK 


The purpose of the experiment was to determine the 
maximum number of errorless categories of movements that 
could be recalled accurately. The subjects were 3 male 
graduate physical education students. The apparatus con- 
sisted of a cursor mounted on a metal track with a scale 
measured on the side of the track in 1.5 inch intervals. 
The experimental task involved the Ss, who were blind= 
folded, moving the curser along the track to a physical 
Stop, Teturnang 16 to the: Starting position «and, recalling 
it after the appropriate number of movements were given. 
ihe ss secelved: In one trial, 3,5, 06 7 movements cto jrecall:. 
the Ss received 30 such trials, 10 for ‘each mumber of move - 
ments. The number of movements to recall were presented in 
random order. A movement was considered correctly recalled 
if ate was within Fl on =1 anch of the actual distance. 
Recall performance was measured as a function of the number 
of movements correctly reproduced. 

From the results and within the limits of the study, 
it was concluded that: 

1. 3 movements were well below the span of immediate 
memory for reproducing linear movements. 
2. 5 movements appeared to be the maximum number of 


movement categories that could be correctly recalled. 
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3. 7 movements appeared to be above the span of immediate 


memory for reproducing linear movements. 
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TABLE 11 


TEST OF LINEARITY AND DEVIATIONS FROM LINEARITY 
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Source df Mean Square uh 
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TEST OF LINEARITY AND DEVIATIONS FROM LINEARITY 
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TEST OF LINEARITY AND DEVIATIONS FROM LINEARITY 
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AMOUNT OF INFORMATION TRANSMITTED 


VERBAL MODALITY 
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TABLE OF PROBABILITIES OF OCCURRENCE OF STIMULUS AND 
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TABLE 21 
TABLE OF PROBABILITIES OF OCCURRENCE OF STIMULUS AND 
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TABLE 23 


TABLE OF PROBABILITIES OF OCCURRENCES OF STIMULUS AND 
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TABLE S20 
TABLE OF PROBABILITIES OF OCCURRENCES OF STIMULUS AND 
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TABLE OF PROBABILITIES OF OCCURRENCES OF STIMULUS AND 
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TABLE OF PROBABILITIES OF OCCURRENCES OF STIMULUS AND 
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TABLE 32 
TABLE OF PROBABILITIES OF OCCURRENCES OF STIMULUS AND 


RESPONSE CATEGORIES K-K-K, REVERSE 
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TABLE 33 
TABLE OF PROBABILITIES OF OCCURRENCES OF STIMULUS AND 


RESPONSE CATEGORIES K-K-K, ADD 


CONDITION 
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TABLE 34 
TABLE OF PROBABILITIES OF OCCURRENCES OF STIMULUS AND 


RESPONSE CATEGORIES K-K-K, 2-CLASSIFICAITONS 


CONDITION 
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TABLE 35 
TABLE OF PROBABILITIES OF OCCURRENCES OF STIMULUS AND 


RESPONSE CATEGORIES K-K-K, 1-CLASSIFICATION 


CONDITION 
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